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I.  INTRODUCTION. 

The  scale  to  whicli  all  measurements  of  temperature,  from  the 
lowest  attainable  to  1200°  C,  are  now  referred  is  that  of  the  gas 
thermometer.  A  consideration  of  the  best  experimental  data  now 
available  leads  to  the  conclusion  that  the  scale  of  the  nitrogen  gas 
thermometer,  which  is  the  standard  above  200°,  is  probably  in 
agreement  with  the  absolute  thermodynamic  scale  to  within  the 
limits  of  accuracy  at  present  attainable  in  high  temperature  gas 
thermometr}^  (above  500°).  The  present  upper  limit  of  the  gas 
scale  is  about  1200°,  i.  e.,  where  the  limit  of  reasonably  certain 
accuracy  is  5?  With  facilities  that  are  now^  attainable  this  limit 
could  perhaps  be  raised  some  300°  or  400?  For  the  range  of  tem- 
peratures above  1500°  the  scale  must  be  based,  for  the  present  at 
least,  on  extrapolation  by  means  of  the  radiation  laws,  which  have 
some  theoretical  support,  and  can  be  tested  within  the  range  of  the 
gas  scale. 
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In  the  practical  establishment  and  use  of  the  scale  it  is  convenient 
to  have  certain  easily  reproducible  fixed  points.  Two  standard 
temperatures  of  reference  that  have  been  made  the  basis  of  numerous 
investigations  are  the  melting  points  of  palladium  and  platinum. 
The  best  determinations  of  these  melting  points  have  differed  by 
some  70°  within  the  past  two  years,  and  the  true  values  may  still 
be  regarded  as  uncertain  by  40? 

In  the  present  paper  are  described  the  results  of  experiments  on 
the  melting  points  of  these  metals,  as  determined  by  several  differ- 
ent methods,  and  in  particular  the  results  obtained  by  the  applica- 
tion of  the  Wein  ^  equation  giving  the  relation  between  the  absolute 
temperature  of  a  black-body  and  the  intensity  of  any  monochromatic 
radiation. 

The  first  part  of  the  paper  is  devoted  to  a  description  of  the  cali- 
bration of  the  optical  pyrometer  and  accessories  used  in  the  investi- 
gation, and  includes  a  discussion  of  .the  practical  realization  of  black- 
ness in  certain  furnaces  used  as  light  sources.  It  was  also  found 
necessary  to  study  in  detail  the  effect,  on  the  temperature  measur- 
ments,  of  the  lack  of  monochromatism  in  the  glasses  used  with  the 
pyrometer.  The  observations  on  the  monochromatic  radiation  from 
palladium  and  platinum  strips,  which  is  next  undertaken,  using 
red,  green,  and  blue  light,  give  results  in  very  close  agreement 
when  applied  to  the  determination  of  melting  points.  These  optical 
determinations  also  agree  with  the  more  exact  optical  measurments 
made  on  the  melting  points  of  the  metals  placed  within  an  irridium 
tube  furnace  which  approximates  a  black-body.  The  values  of  the 
melting  points  as  determined  by  the  usual  thermoelectric  method 
are  some  45°  lower  than  those  found  by  the  two  optical  methods. 

II.  STANDARDIZATION  OF  OPTICAL  PYROMETER. 

The  optical  pyrometer  used  in  the  present  investigation  is  of  the 
Holborn-Kurlbaum  type^  in  the  form  in  which  it  was  originally 

Co 

'  The  Wieii  equation  J^fy  X      ^      ^T  js  a  sufficiently  close  approximation  to  the 

-5/  +/2        \-l 
more  general  equation  of  Planck  y=r,  X      \^    ^^^^—ij       within  the  visible  spectrum 

and  for  any  attainable  temperature. 

'■^  Holborn  and  Kurll)aum,  Berichte  Berlin  Akad,  d.  Wiss.,  p.  712;  1901.  Ann.  d. 
Physik,  10,  p.  225;  1903. 
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constructed  by  Siemens  and  Halske,  embodying  the  disappearing 
filament  principle.^  The  suitability  of  this  instrument  for  tempera- 
ture measurements,  the  order  of  accuracy  attainable,  and  the  con- 
stancy of  the  lamps  have  been  discussed  in  a  previous  paper.* 

Experimental  Black-Body. — The  only  perfectly  definite  radiation 
independent  of  the  physical  properties  of  the  radiator,  and  depend- 
ent only  on  the  temperature,  is  the  radiation  of  a  Kirchhoff  black- 
body.  In  the  absence  of  definite  knowledge  concerning  the  law  of 
radiation  for  each  particular  substance,  it  is  not  possible  at  present 
to  measure  the  true  temperature  on  the  thermodynamic  scale  by  the 
intensity  of  the  radiation  of  any  such  substance.  It  is  only  feasible 
at  present  to  express  very  high  temperatures  on  the  black-body 
scale, ^  and  it  is  therefore  necessary  for  the  realization  of  this  scale, 
to  construct  a  black-body  that  can  be  used  experimentally  for  the 
calibration  of  optical  pyrometers. 

The  black-body  used  in  this  work  is  a  modified  form  of  the  elec- 
trically heated  black-body  devised  by  lyummer  and  Kurlbaum/ 
The  modification  consists  in  the  addition  of  supplementary  heating 
coils,  on  independent  electrical  circuits,  wound  on  a  porcelain  tube 
inclosing  the  black-body.  These  coils,  which  project  8  cms  beyond 
each  end,  are  wound  so  as  to  give  a  very  uniform  temperature  dis- 
tribution throug-hout  the  black-bodv,  a  condition  which  can  be  real- 
ized  with  a  few  trials.  The  winding  of  these  secondary  coils  is 
very  close  about  the  ends  of  the  black-body  and  very  open  about  the 
center. 

The  accompanying  Table  I  will  serve  as  an  illustration  of  the  uni- 
formity of  temperature  obtainable  throughout  the  interior  of  this 
compensated  black-body.  Temperatures  were  measured  by  an 
exploring  thermocouple.  The  distance  from  the  central  diaphragm 
used  as  a  radiating  source  to  the  opening  is  19  cms. 

^  Morse,  U.  S.  IvCtters  Patent,  696878,  696916;  1902. 

^Waidner  and  Burgess,  Optical  Pyrometry,  this  bulletin,  1,  p.  189;  1905, 

^The  black-body  temperature^  s° ^  is  the  temperature  at  which  the  ideal  black-body 
radiator  of  Kirchhoff  would  emit  radiation  of  the  same  intensity  as  a  substance  at  a 
temperature  t°  for  the  particular  wave  length  under  consideration.  Black-body 
temperatures  might  conveniently  be  indicated  by  ^'°A^  where  ° A"  means  the  Kirch- 
hoff absolute  scale.  When  it  is  necessary  to  specify  the  wave  length,  this  could  be 
done  as  follows  [t°K^):  For  example,  the  expression  "1000°  Abs.  black-body 
temperature  for  wave  length  0.650/A,"  becomes  1000°  Kq.^-^q  or  727°  Aq-gso  ^• 

^Lummer  and  Kurlbaum,  Verh,  Deut.  Phys.  Ges.,  17,  p.  106;  1898.  Ann.  d. 
Physik.  5,  p.  829;  1901. 
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Distance  in  cm  from  central 
diaphragms 

o 

2 

4 

8 

12 

-Series     I 

Series  II 

Series  III 

Series  IV 

621° 
1041 
1308 
1244.9 

621° 
1042 
1310 

1244.9 

620° 

1042 
1311 
1244.7 

612 
1032 
1300 
1244.7 

Temperature 

1244.8 

In  order  to  determine  the  temperature  of  the  radiating  wall  accu- 
rate!}', it  is  important  that  its  front  and  back  surfaces  be  at  approxi- 
mately the  same  temperature.  Two  thermocouples  w^ere  therefore 
used  with  the  junctions  in  contact  with  these  surfaces. 

The  ordinary  form  of  black-body  uniformly  wound  with  platinum 
ribbon  does  not  realize  with  the  highest  attainable  accuracy  the 
two  necessary  conditions  for  ideal  black-body  radiation,  namely, 
uniform  temperature  distribution  throughout  the  radiating  inclosure 
and  a  determinable  temperature  of  the  radiating  wall.  This  is  illus- 
trated in  Fig.  I,  where  A  is  such  a  black-body,^  provided  with  dia- 
phragms both  in  front  and  back  of  the  radiating  wall.  The  plot 
immediately  below  A  gives  the  temperature  distribution  as  meas- 
ured by  thermocouples  in  the  manner  indicated.  It  will  be  seen 
that  the  temperature  distribution  is  not  uniform,  and  that  the  back 
and  front  of  the  radiating  wall  differ  considerably  in  temperature. 

If  the  diaphragms  back  of  the  radiating  wall  are  removed,  as  in 
B,  the  temperature  distribution  in  front  of  the  radiating  wall  may 
be  improved,  but  the  actual  temperature  of  the  radiating  wall  itself 
is  impossible  of  exact  determination.  The  temperature  distribution 
in  the  ordinary  black-body  (A  of  Fig.  i)  can  be  improved  without 
the  use  of  supplementary  heating  coils,  by  winding  it  with  a  platinum 
ribbon  cut  so  that  its  width  diminishes  as  the  ends  are  approached. 

After  the  calibration  of  the  pyrometer  lamps  in  terms  of  the 
radiation  of  the  nearly  ideal  black-body  described  above,  they  were 
applied  to  an  investigation  of  the  degree  of  approximation  to  black- 
ness of  various  forms  of  electrically  heated  furnaces.     Measurements 


'The  black-body  radiator  alone  is  shown  in  the  illustration.     In  use  this  was  sur- 
rounded by  concentric  porcelain  tubes. 
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up  to  1300°  made  on  ordinary  Heraeus  resistance  furnaces,  in  which 
the  porcelain  heating  tube  (2  cm  diam.;  length  of  winding  equals 
25  diaiueters)  is  uniformly  wound  with  platinum  ribbon,  gives  an 
approximation  to  black-body  radiation  to  within  5°,  for  a  radiating 
surface  at  the  center  of  the  furnace.  Experiments  with  the  interior 
of  the  furnaces,  both  coated  with  black  oxides  and  uncoated,  gave 
no  certain  dijfference.  When  thermocouples  are  used  in  furnaces 
coated  with  metallic  oxides,  which  conduct  at  lower  temperatures 
than  porcelain,  care  must  be  take  to  avoid  leakage  from  the  heating 
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Fig.  1. — Temperature  Distribution  within  Black-Body. 

circuit  if  direct  current  is  used,  and  to  avoid  shunt  circuits  on  the 
couple. 

With  a  view  to  calling  attention  to  the  errors  that  may  arise  in 
the  experimental  realization  of  black-body  radiation,  several  cases 
may  be  cited.  The  effect  of  the  temperature  gradient  in  the  radiat- 
ing wall,  of  the  method  of  measuring  the  temperature  where  a 
thermocouple  is  used,  and  of  the  ratio  of  size  of  opening  to  length 
of  radiator  are  illustrated  in  Fig.  2.  Here  the  numbers  given  below 
each  illustration   are  the  values  of  the  temperature  indicated  by  a 
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thermocouple  minus  the  temperature  indicated  by  the  optical  pyrom- 
eter. The  arrows  indicate  the  direction  in  which  the  optical 
pyrometer  was  sighted. 
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Fig,  2.— Approximations  to  a  Black-Body . 

Lamp  Calibration. — The  p}Tometer  lamps  used  in  the  Holborn- 
Kurlbaum  pyrometer  were  four-volt  carbon  filament  lamps,  which 
were  aged  at  a  temperature  of  about  i8oo°  for  a  period  of  twenty- 
five  hours  previous  to  their  calibration.  These  lamps  were  cali- 
brated by  measuring  the  current  when  the  filament  had  the  same 
brightness  (for  red  light)  as  the  compensated  black-body  described 
above,  whose  temperature  was  measured  by  two  thermocouples. 
The  milliammeter  with  its  shunt  was  calibrated  frequently  during 
the  progress  of  the  work,  and  its  temperature  coefficient  determined. 
The  calibration  of  lamp  No.  140  is  cited  as  an  illustration  (Table  II). 

TABLE  II, 

Calibration  of  Lamp  140. 


Temperature 
(Observed) 

Current 
(Observed) 

Temperature 
(Computed) 

Temp.  „|„-Tem,  „,,„ 

920° 

0.4486 

921° 

-1° 

1087.5 

.5305 

1087.5 

0 

650 

.3357 

649 

+  1 

1221 

.6023 

1221 

0 

692 

.3525 

692.5 

—0.5 

1285 

.6393 

1285 

0 

1089 

.5309 

1088.5 

+  0.5 
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The  observations  are  represented  by  the  equation, 

7=0.1681+0.0001482^4-0.0000001700/^ 

where  /  =  current  in  amperes  through  the  lamp  filament,  and  /  = 
the  black-body  temperature  for  red  light. 

In  this  table  are  given  the  observed  currents  through  the  lamp 
and  the  corresponding  temperatures  of  the  compensated  black-body; 
also  the  temperature,  corresponding  to  the  observed  currents,  com- 
puted from  the  above  equation.  In  the  last  column  are  given  the 
differences  between  the  observed  and  computed  temperatures. 

The  calibration  equations  of  the  five  pyrometer  lamps  are  given 

in  Table  III. 

TABLE  III. 

Calibration  Equations  of  Pyrometer  Lamps. 


Lamp 
No 

Equation 

No.  of  Cal. 
Points 

Average  dev. 
of  an  obs. 

132 

I     =   0.1736 

+  0. 031301 

+ 

0.06186512 

8 

1?0 

140 

I     =      .1681 

4-     .0314821 

+ 

.06170012 

7 

0.4 

145 

I      =      .1600 

+     .O3I863I 

+ 

.061422 1^ 

9 

1.2 

168 

I      =      .1829 

4-     .0^60101 

+ 

.06234812 

9 

1.7 

171 

I     =      .1785 

+     .O3II79I 

+ 

.062112 1^ 

10 

2.2 

The  deviation  of  a  single  observation  from  the  mean  exceeds  3° 
at  only  three  points,  and  the  average  is  i?3. 

The  above  calibration  equations  of  the  lamps,  although  determined 
with  red  glass  before  the  eyepiece  of  the  pyrometer,  hold  also  in 
practice  for  any  color  if  a  black-body  is  observed  which,  it  may  be 
remarked,  is  evidence  that  a  carbon  filament  is  a  "gray^  body" 
within  the  limits  of  the  visible  spectrum.     This  is  shown  in  Table  IV. 

During  the  progress  of  this  investigation,  the  calibration  of  the 
lamps  was  frequently  checked  by  use  of  the  black-bod}^,  and  no  evi- 
dence of  change  in  the  lamps  was  detected.     For  example,  near  the 

^  A  body  may  be  said  to  be  gray  throughout  any  spectral  region  when  the  ratio  of 
the  intensity  of  its  radiation  to  that  of  a  black-body  is  the  same  for  all  wave  lengths 
within  that  region. 
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conclusion  of  this  investigation  a   recomparison  of   the  pyro?neter 
lamps  with  the  compensated  black-body  gave — 

Mean  Temperature  of  Black-Body. 


By  5  Pyi-ometer  Lamps. 
1018?0 
1154.5 


By  Tw^o  Thermocouples. 
1017?6 
1154.9 


TABLE  IV. 
Calibration  of  Pyrometer  Lamps  for  Red  and  Green  Light. 


Lamp  No 

Obs.  temp,  of 
the  black- 

Observed  current,  using: 

Computed  temps.,  using: 

body 

Red  light 

Green  light 

Red  light 

Green  light 

145 

1261° 

0.  6208 

0.  6188 

1260?5 

1256?5 

168 

1277 

.6221 

.6229 

1276 

1277.5 

171 

1267.5 

.6675 

.6686 

1267.  5 

1269 

Mean  .... 

1268?5 

1268?2 

1267?8 

1 

140 

1088?5 

0.  5306               0.  5303 

1088?5 

108795 

145 

1093. 0 

.5325 

.5323 

1091.0 

1090.  5 

168 

1084.  2 

.5242 

.5248 

1084.  7 

1086.  2 

Mean  .... 

1088?6 

1088? 1 

1088?1 

Absorption  Factors. — In  order  to  determine  very  high  tempera- 
tures by  extrapolation  based  on  Wien's  equation  it  is  usually  neces- 
sary to  diminish  the  intensity  of  the  radiation  in  a  known  ratio  by 
means  of  absorbing  glasses,  mirrors,  or  sector  disks  placed  in  front 
of  the  optical  pyrometer.  The  absorption  factor  K  is  given  by  the 
equation  ° 


logA- 


\T.      t) 


where  \  is  the  wave  length  in  /x  of  the  radiation  employed,  r^  is 
taken  as   14,500  for  a  black-body,  and  T^  and   T^  are,  respectively, 

•'  If/,  aiuiy^  are  the  intensities  of  the  light  of  wave  length  X,  corresponding  to  the 
black-body  temperatures  7",  and  T^  (abs. ),  then  the  absorption  coefficient  is — 


7/ 


Co    X 


'       —  _£2 


r.,\ 


('      A  7, 


=  e 


\n"n) 
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the  apparent  black-body  temperatures  (absolute  scale)  when  the 
radiating  source  at  constant  temperature  is  viewed  with  and  without 
the  absorbing  screen. 

In  the  melting  point  determinations,  use  was  made  of  the  absorb- 
ing mirrors  of  the  Holborn-Kurlbaum  pyrometer,  shown  diagram- 
matically  in  Fig.  3. 

The  intensity  of  the  incident  light  is  diminished  by  two  reflec- 
tions from  black  glass.  The  absorbing  glasses  furnished  by  Pellin 
with  the  Le  Chatelier  optical  pyrometer  were  also  used. 

The  absorption  factors  were 
determined  b}'  sighting  the  py- 
rometer on  an  electrically  heated 
black-bod}'  whose  temperature 
was  maintained  constant  to  a  few 
tenths  of  a  degree,  as  indicated 
by  a  thermocouple.  A  single 
measurement  consisted  in  a  series 
of  six  to  ten  observations  of  T^ 
between  two  series  of  observa- 
tions of  T^.  With  the  mirror 
form  of  absorber,  the  pyrometer 


Fig.  3. — Absorption  Mirrors. 


has  to  be  resighted  for  each  set  of  obser\^ations,  and  as  the  neigh- 
boring parts  of  the  radiating  surface  may  differ  somewhat  in 
temperature,  there  is  a  small  uncertainty  introduced  into  any  given 
value  of  K  from  this  cause. 

The  results  of  the  measurements  of  the  absorption  factor  K  of 
the  mirrors,  made  with  red  and  green  light,  are  given  in  Table  V. 

Very  small  errors  in  the  temperature  measurements  will  cause 
considerable  errors  in  the  resulting  value  of  K;  thus  an  error  of  i  ° 
in  T^  produces  0.8  per  cent  error  in  K^  and  1°  in  T^^  an  error  of  2 
per  cent  in  K.  Again,  tw^o  observers  may  not  agree  in  their  estima- 
tions of  equal  brightness  at  diflterent  temperatures;  for  measurements 
in  the  red  the  two  observ^ers  differ  consistently  by  3  per  cent  in  K 
and  in  the  green  by  over  5  per  cent.  The  probable  errors  of  K 
correspond  to  an  uncertainty  in  the  platinum  melting  point  of  1° 
for  the  red  and  2°  for  the  green. 
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A.=o 

.662^1  (Red) 

1 

X=o. 

547m  (Green) 

Lamp 
No. 

Ti 

To 

K 

Lamp 
No 

Ti 

To 

K 

132 

1108?5 

1519° 

208.4 

171 

1204?5 

1591?7 

211.7 

n 

1109 

1513 

194.9 

(< 

.    1199.5 

1592 

232.1 

171 

1150.8 

1592.6 

196.1 

168 

1208 

1598 

212.2 

u 

1152 

1592 

191.3 

u 

1205 

1599 

225.9 

168 

1153 

1595 

193.1 

140 

1202.5 

1598 

233.6 

n 

1151 

1595.8 

201.0 

li 

1200 

1596.5 

240.8 

140 

1151 

1597.5 

203.9 

145 

1203 

1593 

220.4 

11 

1149.5 

1599 

212.3 

11 

1199.5 

1593 

234.6 

145 

1152 

1597 

199.9 

(( 

1149 

1594.5 

205.7 

• 

Meai 

i:  200.6±1.5 

Mean:  226.4±3.0 

Since  the  mirrors  show  slight  selective  absorption  and  the  maxi- 
muni  of  visual  intensity  of  the  transmission  band  of  the  red  glasses 
varies  with  the  temperature  (see  p.  175),  the  value  of  A^must  be  cor- 
rected to  correspond  to  the  wave  length  used.  The  X^^^^,  for  the 
two  red  glasses  usually  used  at  the  eye-piece  of  the  pyrometer,  has 
been  found  to  be  0.666 fi  and  0.668 fx  at  black-body  temperatures  of 
1550°  and  1750°,  respectively,  for  which  the  corresponding  values 
of  A' may  be  taken  as  200  and  199.  For  the  monochromatic  com- 
bination 2  Cobalt-]- I  Jena  No.  2745,  whose  \uax  is  0.720/x  at  1550°, 
A"  becomes  186.5. 

If  the  absorption  is  strongl)-  selective,  as  is  the  case  for  most 
transmission  glasses,  this  method  of  determining  A^  becomes  compli- 
cated by  the  fact  that  the  effective  wave  length  is  different  with  and 
without  the  absorption  screen,  owing  to  the  lack  of  monochromatism 
of  the  colored  glasses  used  before  the  eyepiece  of  the  pyrometer,  and 
Wien's  equation  is  no  longer  directly  applicable  for  the  computation 
of  a: 
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As  a  check  on  this  method  of  measuring  A",  the  absorption  factor 
of  a  sector  disk  of  known  opening  was  determined.  The  results 
are  given  in  Table  VI. 

TABLE  VI. 

Absorption  Factor  of  Sector  Disk. 


Red  A„i3^=o.66ofx 


Lamp  No 

Ti 

T., 

K 

145 

1225 

1524.6 

33.7 

168 

1223 

1526.5 

35.6 

168 

1225.5 

1528 

34.8 

145 

1220 

1525.5 

36.8 

Mean:    35.2 

The  value  of  K  for  this  disk^",  from  measurements  on  a  circular 
dividing  engine,  is  35.45.  The  agreement  is  better  than  we  have 
any  reason  to  expect,  as  it  corresponds  to  an  accuracy  of  a  few 
tenths  of  a  degree  in  the  temperature  measurements  T^  and  T^ 
The  sector  disk  is  free  from  selective  absorption,  and  the  value  of 
X^^^=  0.660/X-  taken,  is  that  corresponding  to  7^2=^525°  abs. 
(i250°C)  for  the  two  red  glasses  used. 

A  few  observations  were  also  made  with  two  absorbing  glasses 
furnished  by  Pellin  with  a  Le  Chatelier  optical  pyrometer.  The 
absorption  factor  of  the  two  together  was  loi  for  X  =  o.650/u,  and 
about  30  for  X  =  o.547/Lt,  showing  very  decided  selective  absorption. 

Effect  of  Polarisation  on  Absorption  Factor. — Owing  to  the 
polarization  by  reflection  from  polished  surfaces,  the  value  of  the 
absorption  factor  of  the  mirrors  may  vary  through  wide  limits  if 
the  incident  light  is  polarized,  as  is  the  case  for  light  emitted  by 
incandescent  platinum^ ^  and  palladium,  the  amount  of  polarization 
in  the  emitted  radiation  being  zero  for  normal  incidence  and  increas- 
ing with  the  angle  of  incidence. 

^"This  Bulletin,  2,  p.  23;  1906. 

^^  The  effect  of  polarized  light  emitted  by  platinum  on  the  indications  of  the  Wan- 
ner pyrometer  is  discussed  by  the  authors  in  this  Bulletin,  1,  p.  251;  1905. 
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In  Table  VII  are  given  the  results  of  measurements  of  the  absorp- 
tion factor  of  the  mirrors  when  the  platinum  radiating  surface  is 
viewed  at  an  angle  of  45°,  and  when  the  plane  of  incidence  of  the 
mirrors  is,  (i)  parallel  to  the  plane  of  emission,  and  (2)  perpendicu- 
lar to  this  plane. 

TABLE  VII. 

Polarization  and  Absorption  Factor. 


Red  (A=o.66om) 

Green  (A.=o.547m) 

II 
235 

JL 
165 

II 
264 

_L 
188 

The  absorption  factors  for  normal  incidence  when  the  polarization 
is  zero,  as  previously  given,  is  200  and  226  for  red  and  green, 
respectively. 

Mo7iochromatic  Glasses. — If  the  light  used  in  optical  determina- 
tions of  temperature  is  not  monochromatic,  there  may  be  error 
introduced  into  the  temperature  measurements  from  this  cause. 
Instruments  of  the  spectrophotometer  type  such  as  the  Wanner 
pyrometer,  using  a  definite  narrow  spectral  band,  are  free  from  this 
error;  but  in  all  instruments  employing  colored  glasses  this  source 
of  error  ma}'  become  quite  serious,  varying  in  general  with  the  tem- 
perature, the  kind  of  glass  used,  and  the  method  of  observing.  All 
so-called  monochromatic  glasses  transmit  one  or  more  spectral  bands 
of  considerable  width,  variable  with  the  intensity  of  the  incident 
light.  But  more  important  is  the  fact  that  the  position  of  maximum 
brightness,  as  estimated  by  the  eye,  shifts  with  the  intensity  and  so 
with  the  temperature  of  the  source.  When  intensities  are  measured 
with  a  bolometer  or  other  instrument  whose  indications  are  propor-' 
tional  to  the  incident  energy,  the  magnitude  of  the  apparent  change 
in  temperature  for  a  given  change  in  wave  length  can  be  calculated 
from  W^ien's  equation;  but  where  intensities  are  estimated  by  the 
eye,  account  must  be  taken  of  the  variation  in  sensibility  of  the  eye, 
which  decreases  rapidly  toward  each  end  of  the  spectrum.  When 
the  wave  length  used  ^•aries  with  the  temperature,  Wien's  equation 
can  not  be  applied  directly. 


Wai  drier. 
Burgess 
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In  view  of  the  above  considerations  it  was  deemed  important  to 
investigate  the  optical  homogeneity  of  the  glasses  used  in  this  work. 
For  this  purpose  an  electrically  heated  platinum  strip,  whose  tem- 
perature was  measured  by  the  optical  pyrometer,  was  mounted  before 
the  slit  of  a  Fuess  spectrometer,  by  means  of  which  the  position  of 
maximum  intensity — X^^^ — and  the  limits  of  the  transmission  bands 
were  studied  for  different  temperatures,  and  for  different  thicknesses 
of  glass.     The  results  are  given  in  Table  VIII. 

TABLE  VIII. 


Monochromatism  of  Glasses. 


12 


Glass 


1  Jena  red  #2745. 


2  Jena  red  :ft2745 

2  Psn-ometer  red  glasses. 


2  Jena  +  1  Pyrometer  red. 
2  Jena  +  2  Pyrometer  red. 

1  Cobalt  blue  (red  bands)  . 


2  Cobalt 

3  Cobalt 


2  Cobalt  +  1  Jena  red. 
2  Jena  green  #43ini  . . 


1  Jena  blue  :li3086 


Thickness 
of  Glass 

Tempera- 
ture 

mm 

of  Source 

' 

f       1000° 

3.04 

\       1250 

[       1450 

6.05 

1450 

5.38 

[       1050 
1       1450 

8.72 

1450 

11.43 

1450 

2.31 

1250 

4.62 

1250 
1450 

7.10 

1450         i 

7,66 

1    '"" 

1       1450         1 

6.18 

j       1150 
[       1450 

4.32 

j       1320 

i       1470         1 

A 
max 


0.645m. 
.650 
.656 
.661 
.655 
.664 
.667 
.675 
.708 
.620 
.716 
.716 
.721 
.716 
.719 
.547 
.546 
.462 
.462 


Limits  of 

Transmission 

Band 


0.698m 

.731  - 

.772  - 

.753  - 

.711  - 

.755  - 

.749  - 

.745  - 

.742  - 

.643  - 

.741  - 

.754  - 

.755  - 

.738  - 

.750  - 

.602  - 

.631  - 

.500  - 

.511  - 


-O.eiOjot 

-  .602 

-  .598 

-  .608 

-  .613 

-  .613 

-  .624 
.634 

-  .683 

-  .598 

-  .694 

-  .689 

-  .701 

-  .697 
■   .693 

-  .532 
.468 

-  .421 

-  .408 


The  limits  of  the  transmission  bands  here  given  are  defined  by 
the  disappearance  of  the  cross-hair  of  the  eyepiece  at  either  edge, 
although  in  some  cases,  notably  on  the  infra  red  side  of  the  red 
bands  there  is  a  considerable  region  of  A^anishing  brightness.  Inde- 
pendent settings  by  two  observers  on  \  ^^^  agree  on  the  average  to 
better  than  0.002 /jl. 

^^  The  glasses  designated  "pyrometer  red"  were  furnished  with  the  Holborn- 
Kurlbaum  pyrometer  and  are  probably  of  the  same  composition  as  the  Jena  red 
glass  No.  2745.  The  Jena  glasses  are  described  by  R.  Zsigmondy  Zs.  Instrkunde 
21,  p.  97;  1901;  see  also  Holborn  and  Kurlbaum,  Ann.  der  Phys.  10,  p.  227;  1903. 
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An  examination  of  the  data  shows  that  as  the  temperature  of  the 
source,  i.  e.,  the  intensity  of  the  incident  light,  increases,  the  width 
of  the  transmission  band  increases  for  all  the  glasses.  An  increase 
in  thickness  of  a  glass  cuts  down  the  width  of  all  bands,  and  in  the 
case  of  cobalt  glass  eventually  cuts  out  the  second  red  band.  The 
most  important  effect,  however,  for  the  work  in  hand,  is  the  shift  of 
the  position  of  maximum  brightness  in  the  red  glasses  toward  longer 
wave  lengths  with  increase  in  temperature,  accompanied  b}'  a  shift 
of  the  maximum  in  the  same  direction  with  increased  thickness. 
For  the  green  and  blue  glasses  the  maximum  does  not  shift  with 
temperature  within  the  range  studied,  but  determinations  with  these 
glasses,  especially  with  the  blue,  are  relatively  less  satisfactory. 

By  the  combination  of  two  cobalt  blue  glasses  which  give  but 
one  red  band  (\„ax  =  C)-7i6/x)  with  one  Jena  red  glass  No.  2745, 
which  serves  to  cut  out  the  green  and  blue  bands  transmitted  by  the 
cobalt  glasses,  a  glass  is  obtained  which  gives  a  ver}-  much  narrower 
band  in  the  red,  whose  maximum  (\^^x=:0.7i6yLt— 0.719/x)  shifts  less 
with  temperature  than  any  other  red  monochromatic  glass  that  has 
come  to  our  attention. 

Whether  the  use  of  X^^^^,  as  determined  by  the  eye,  for  the  effective 
wave  length  in  Wien's  equation,  is  a  sufhciently  close  approximation 
depends  on  the  variation  of  intensity  and  on  the  sensibility  of  the 
eye  within  the  spectral  band.  This  procedure  can  not  lead  to  errors 
that  are  significant  for  the  work  in  hand.  An  error  of  0.005/x  in 
wave  length  involves  an  error  of  only  about  5°  at  the  temperature 
of  the  melting  point  of  platinum.  In  the  extrapolation  to  find  \^^^^ 
at  1545°  and  1750°,  corresponding  to  the  melting  points  of  palladium 
and  platinum,  the  wave  lengths  0.666/1  and  o.668yLt  were  used, 
instead  of  the  values  given  by  a  linear  extrapolation  (Table  VIII), 
as  the  shift  of  X,„^^  must  become  less  rapid  at  high  temperatures. 

III.  THE  RADIATION  FROM  PLATINUM  AND  PALLADIUM. 

The  relation  of  the  radiation  (red  and  green)  of  platinum  and  pal- 
ladium to  black-body  radiation  was  determined  in  the  temperature 
range  700°-!  300?  The  black-body  temperature  of  the  incan- 
descent metal  was  measured  with  the  optical  pyrometer.  Three 
methods  were  used  to  estimate  the  actual  temperature  of  the  radi- 
ating surface. 
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In  th&  ficrnace  method^  Fig.  4,  a  platinum  ribbon  4  mm  wide  was 
closely  wound  on  a  porcelain  or  quartz  tube  of  about  4  mm  external 
diameter,  the  space  between  successive  turns  being  of  the  order  of 
o.  I  mm.  This  small  electric  furnace  was  maintained  at  the  desired 
temperature  by  a  suitable  electric  current.  A  thermocouple, 
threaded  through  the  tube,  with  its  junction  at  the  center  of  the 
furnace,  was  assumed  to  give  the  temperature  of  the  platinum  ribbon 
immediately  surrounding  it.     In  all,  some  ten  furnaces  were  used 


f|^^^^^^;^^^^Ay/v>vy-^-^^vy^^^^##.^- 


\y\^—^ 


AAAA/ 


Fig.  4. — Radiation  by  Furnace  Method. 

in  these  experiments.  The  furnaces  were  worked  practically  in  the 
open  air  to  eliminate  any  possible  effect  due  to  light  reflected  from 
surrounding  walls,  blackened  asbestos  shields  affording  sufficient 
protection  against  sudden  temperature  fluctuations.  The  results  of 
the  separate  determinations  are  given  in  Fig.  5  where  abscissae  are 
black-body  temperatures,  ^,  and  the  ordinates  are  values  of  /—  ^,  where 
t  is  the  true  temperature.  The  points  on  the  plot  designated  by 
circles  were  obtained  with  palladium  wound  furnaces. 
23835—07 2 


178 


Bulletin  of  the  Bureau  of  Standards. 


[  Vol.  J,  No.  2. 


J\ll 

Mil 

1  1  l\l 

1  1  1  1 

1  1  1 1 

1  1  1  1 

1  1  1  1 

Mil 

1  1  1 1 

MIL 

-      \ 

\ 

— 

-        \ 

\ 

— 

-         \ 

— 

_ 

\ 



\ 

\ 



_ 

\ 

\ 



— 

\ 

\ 

- 

\ 

\ 

\ 

\ 

_ 

\ 

\ 

- 

\ 

\ 

\ 

- 

V 

— 

\ 

\ 

— 

— 

\ 

\ 

— 

— 

\ 

\ 

— 

~ 

\ 

~ 

— 

^\ 

A 





o\ 

<^\ 





^^ 

osX 



— 

\ 
\ 

5\ 

- 

\ 

\ 

\ 

V 

- 

\ 

\ 

\ 

- 

- 

\ 

,+ 

\ 

— 

^ 

\ 

(D    ~ 

— 

\   + 

•\ 

13     ~ 

\ 

-M     

_ 

V 

\ 

tD     _ 



\ 

\ 

Q. 

- 

\ 

\. 

E  _ 

\ 

y-  ~ 

-t-        N 

k 

\ 

>, 

- 

\ 

\ 

O 

- 

oVo 

\ 

— 

o     -X 

\ 

o 
rt$  — 

- 

Y 

"^ 

^^ 

CQ    — 

II     — 
°  <r> 

— 

\  o 

\ 

— 

z 

' 

\° 

\ 

— 

'\ 

\ 

- 

— 

\  o 

\ 

— 

— 

n^V 

o           \ 

— 

- 

o   +\o 
\ 

- 

- 

\° 

\ 

- 

~ 

\ 

' 



\ 

- 

- 

o   \ 

X  \ 

- 



_ 

— 

+    \ 

+  x 

— 

— 

— 

— 

\ 

— 

_ 

o\ 

- 



\      ^ 

— 

— 

\ 

— 

- 

\ 

- 

— 

X    \ 

— 

— 

cS-„; 

\ 

— 

"1111 

1  1  1  1 

1  1  1  1 

1 1  1  1 

1  1  1  1 

1  1  1  1 

1    1    1    1 

1  1  1  1 

1  1  1  1 

IMF 

.a 


!  s: 


.<3 


M 
E 


SjSr]       Melting  Points  of  Palladium  and  Platinum.  179 

To  obtain  some  idea  how  nearly  the  assumption  made  in  this 
method,  viz,  that  the  temperature  of  the  radiating  surface  is  given 
by  the  almost  completely  inclosed  thermo junction,  the  indications 
of  the  thermocouple  were  noted  at  the  instant  a  minute  piece  of 
gold  (a  few  thousandths  of  a  milligram)  was  observed  to  melt  on  the 
surface  of  the  platinum  or  palladium  ribbon  when  viewed  with  a 
microscope.  The  following  observations  on  a  radiator  wound  with 
palladium  ribbon  will  serve  as  an  illustration: 

1064°  1053°^'  1063°  1066° 

It  will  be  seen  that  for  this  radiator  the  mean  reading  of  the 
inclosed  thermocouple  agrees  very  well  with  the  melting  point  of 
gold  (1064°).  Unfortunately,  the  first  two  radiators  examined 
seemed  to  substantiate  the  above  assumption  so  thoroughly  that  this 
test  was  not  applied  to  the  remaining  radiators.  Toward  the  close 
of  the  work,  when  most  of  the  radiators  were  no  longer  available, 
evidence  developed  that  part  of  the  discrepancies  observed  may  have 
been  due  to  failure  to  comply  with  the  above  assumption. 

In  the  melting-poi^it  method  the  black-body  temperature  of  an 
electrically  heated  platinum  or  palladium  strip  was  measured  with 
an  optical  pyrometer  at  the  instant  of  melting  of  a  minute  fragment 
of  gold,  as  described  above.  The  results  of  some  observations  made 
on  the  palladium  strip  by  this  method  are  given  in  Table  IX. 

This  method  involves  the  assumption  that  the  temperature  of  the 
platinum  (or  palladium)  ribbon  is  equal  to  the  melting  point  of  gold 
at  the  instant  the  minute  fragment  of  gold  on  the  ribbon  is  observed 
to  melt.  The  agreement  of  observations  made  with  fragments  of  very 
different  size  indicates  that  the  assumption  is  quite  exactly  fulfilled. 

The  black-body  temperature  (for  \  —  o.^^^\x)  of  platinum  (or  pal- 
ladium), as  determined  from  the  mean  of  all  the  observations  by  this 
method,  is  975°  at  the  melting  point  of  gold  (1064°),  corresponding  to 

/°-j-°  =  io64°-975°  =  89". 

This  point  is  indicated  by  a  square  (n)  on  the  curve  in  Fig.  5. 

^^  Therm oj  unction  was  probably  displaced  from  under  the  portion  of  the  palladium 
ribbon  on  which  the  gold  melted. 
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By  the  same  method  the  black-body  temperature  (for  X=:0.666/i) 
of  platinum  at  the  melting  point  of  palladium  was  found  to  be  1383°. 
On  account  of  the  almost  exact  equality  in  the  radiation  from  these 
two  metals  this  determination  was  very  difficult. 

TABLE   IX. 

Radiation  from  Palladium  at  the  Melting  Point  of  Gold. 


Lamp  No. 

Black-body  temperature  of  palladium 
S°  for  A  =  0.655M 

TO— S^ 

140 

980° 

84° 

<( 

975 

89 

132 

976 

88 

<< 

974 

90 

145 

976 

88 

(< 

976 

88 

168 

979 

85 

<( 

978 

86 

(< 

976 

88 

977° 

87° 

As  a  further  check  on  the  suitability  of  the  preceding  methods 
for  determining  the  temperature  of  the  radiating  surface,  a  third 
method,  which  may  be  designated  as  the  equal  7^adiation  method^ 
was  employed.  In  this  method,  which  is  illustrated  in  Fig.  6,  the 
junction  T^  of  a  platinum,  platinum-rhodium  thermocouple  is 
heated  in  a  colorless  Bunsen  flame.  To  protect  the  flame  from  con- 
vection currents,  it  is  inclosed  in  a  metal  cylinder  C.  The  current 
through  the  radiator,  Pt  is  then  slowly  increased  until  the  bright- 
ness of  Pt  is  equal  to  that  of  the  platinum  wire  of  the  thermocouple 
Zi,  which  is  indicated  by  the  disappearance  of  the  junction  when 
viewed  against  the  radiator  Pt  as  background.  At  this  instant, 
temperature  measurements  of  T^  and  P^  are  taken  alternately.  To 
insure  equal  temperature  distribution  at  7"^,  the  platinum  and  the 
alloy  wires  were  fused  together  without  appreciable  enlargement  at 
the  junction.  In  Table  X  are  given  some  observations  by  this 
method. 
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TABLE  X. 
Temperature  of  Radiating  Platinum  Surface. 


i8i 


Temperature  given  by- 


Thermocouple  Ti  in  flame 

Thermocouple  To  in  radiator 

1344° 

1345° 

1339 

1341 

1329 

1327 

1332 

1332 

Pt. 


^^^■^#^##^^^^^^^^^^^V/yA#-^^^#^F^^^ 


^-Hh 


1  r 


^J 


Fig.  6. — Equal  Radiation  Method. 

For  this  radiator,  therefore,  the  surface  temperature  of  the  plat- 
inum ribbon  was  sensibly  identical  with  the  temperature  indicated 
by  the  inclosed  thermocouple. 


1 82  Bidletin  of  the  B2irea2c  of  Standards.  \_voi.  3,  no.  2. 

Some  experiments  were  also  made  on  the  radiation  from  plat- 
imcni  in  hydrogen^  using  the  furnace  method.  For  this  purpose 
the  platinum  radiator  was  inclosed  within  a  metal  inclosure,  black- 
ened on  the  inside,  and  the  radiation  observed  through  a  mica 
window.  Alternate  series  of  measurements  made  in  hydrogen  and 
in  air  at  about  900°,  1100°,  and  1300°,  gave  values  of  t°-s°  about 
7°  larger  than  in  air.  This  difference  may  be  due  in  part  to  the 
absence  of  oxidation  and  in  part  to  the  greater  loss  of  heat  from  the 
surface  in  h}'drogen. 

The  full  cur\^es  in  Fig.  5  show  the  relation  between  s^  and  /°-j'°, 
for  the  radiation  of  platinmn  and  palladium  in  air,  for  red  light,  and 
also  for  green  (X  =  o.547/li).  The  curv^e  for  red  light  does  not  apply 
for  strictl}-  monochromatic  radiation,  as  the  effective  wave  length 
transmitted  by  the  red  glasses  used  before  the  eyepiece  of  the 
pyrometer  increases  from  about  0.65/Lt  at  800°  to  0.66/z  at  1300? 
(See  p.  175.) 

Some  previous  observations "  based  on  the  assumed  melting 
points  of  salts  and  metals,  including  platinum  and  palladium,  when 
corrected  to  the  temperature  scale  to  which  the  present  investiga- 
tion has  led,  viz,  1546°  for  the  melting  point  of  palladium  and 
1753°  for  platinum,  are  in  satisfactory  agreement  with  the  results 
of  the  later  work.  The  value  of  /°  — j°  for  the  earlier  observations 
after  correction  are  9°  higher  at  800°,  in  exact  agreement  at  1100°, 
and  9°  lower  at  1500°  than  the  values  of  t^  —  s^  given  in  F'ig.  5. 

On  account  of  the  great  difficulty  in  determining  the  temperature 
of  a  radiating  surface,  even  under  the  most  favorable  conditions,  as 
when  platinum  is  used,  and  the  unavoidable  changes  in  character 
of  the  surface,  a  high  order  of  accuracy  in  the  determination  of 
t°  —  s°  is  very  difficult  of  attainment.  The  effect  of  constant  errors 
likely  to  be  present  in  the  first  two  methods  employed  would  be  to 
give  low  values  of  t°  —  s° 

IV.  MELTING  POINTS  OF  PALLADIUM  AND  PLATINUM. 

In  tliL-  work  incident  to  the  establishment  of  the  high  tempera- 
ture scale  (hiring  the  past  three  years  evidence  was  obtained,  before 
we  had  proceeded  far,  that  the  scale  based  on  the  usual  thermoelec- 


"This  Bulk-tin,  1,  p.  189;  1905. 
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trie  extrapolation  was  not  in  agreement  with  that  defined  by  the 
Wien  equation,  temperatures  on  the  thermoelectric  being  lower 
than  on  the  optical  scale.  Accordingly  the  determination  of  the 
melting  points  of  palladium  and  platinum  was  undertaken  with  the 
object  of  finding  the  magnitude  of  this  difference  and,  at  the  same 
time,  establishing  suitable  fixed  points  to  which  the  high  temperature 
scale  may  at  any  time  be  referred.  In  the  present  communication 
the  results  obtained  by  three  different  methods  are  given:  (i)  Black- 
body  method  using  monochromatic  radiation;  (2)  Surface  radiation 
method;  (3)  Thermoelectric  method. 

The  palladium  used  in  these  experiments  was  obtained  from 
Heraeus  and  from  Kahlbaum  under  specifications  calling  for  the 
highest  attainable  purity.  Wires  of  0.3  mm  and  0.6  mm  were 
used  as  well  as  ribbon  4  mm  wide  by  0.02  mm  thick.  The  plati- 
num was  the  purest  obtainable  from  Heraeus.  Samples  of  the  same 
metal  purchased  at  different  times  showed  no  measurable  differ- 
ences in  the  melting  point.  The  same  kind  of  platinum  has  been 
used  recently  by  Nernst  and  Wartenberg,  by  Harker,  and  by  Hol- 
born  and  Valentiner.  The  temperature  coefficient  of  electrical 
resistance  of  this  platinum  has  been  found  to  be  higher  than  that  of 
any  other  platinum  used,  which  is  the  most  sensitive  test  of  its 
purity.  ^^ 

BLACK-BODY  METHOD. 

The  metals  were  melted  in  an  Heraeus  tube  furnace  of  pure  irid- 
ium. The  temperature  measurements  were  made  with  an  Hol- 
born-Kurlbaum  optical  pyrometer,  with  which  absorbing  mirrors 
and  a  sector  disk  were  used  to  reduce  the  intensity  of  the  light  by 
known  amounts.  The  temperatures  were  computed  from  the  Wien 
equation  (p.  170). 

Iridium  Furnace. — The  iridium  tube  I  (Fig.  7)  was  25  cm  long, 
2  cm  in  diameter,  and  0.25  mm  wall  thickness.  To  avoid  destruc- 
tive evaporation  of  the  iridium  and  contamination  of  the  platinum 
and  palladium,  the  iridium  tube  was  coated  inside  and  out  with  the 

^^  The  purity  of  these  metals  is  discussed  by  Mylius  and  Dietz,  Berichte  Deutsch, 
Chem.  Ges.  31,  p.  3187,  1899. 
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refractor}'  earth  mixture"  due  to  Nernst.  The  interior  of  the  fur- 
nace was  recoated  several  times  during  the  progress  of  the  work. 

The  iridium  tube  was  platinum-soldered  at  each  end  to  a  plati- 
num disk  which  was  bolted  to  silver  alloy  terminal  springs  A.  This 
construction  allows  the  iridium  tube  to  expand  freely  and  so  pre- 
vents buckling  of  the  iridium  tube. 

The  furnace  was  heated  by  means  of  an  alternating  current  supplied 
by  two  3-kw  transformers  with  primaries  P^  and  P.^  in  parallel  and 
secondaries  S^  and  S^  in  series.  The  transformers  were  operated  from 
an  alternator  connected  directly  with  a  motor  which  was  run  from  a 
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Fig.  7. — Iridium  Tube  Furnace. 

storage  battery,  vSO  that  very  exact  temperature  regulation  was  possi- 
ble by  the  use  of  suitable  rheostats  in  the  primary  circuits.  The 
furnace  was  used  in  a  horizontal  position.  To  prevent  convective 
circulation  and  to  give  a  more  uniform  temperature  distribution,  one 
end  was  closed  with  an  asbestos  plug. 

Approximation  to  Black-Body  Radiation. — As  the  pyrometer 
lamps  were  calibrated  by  the  use  of  a  nearly  ideal  black-body 
(p.  165),  it  was  possible  to  test  how  closely  the  iridium   furnace  as 

'*io  grams   zircon-oxychloride  and  2  grams  yittrium-nitrate  are  dissolved  in  60 
cc  of  water,  and  pure  finel}'  ground  thorium  oxide  is  added  to  form  a  thin  paste 
which  is  applied  with  a  brush.     The  furnace  should  be  heated  to  1600°  and  recoated 
.several  times. 
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used  satisfied  this  condition.  This  was  done  for  several  tempera- 
tures. The  black-body  temperature  of  melting  gold  was  found 
to  be  1063°  from  six  determinations  all  lying  between  1062°  and 
1064°,  which  agrees  very  closely  with  the  true  temperature,  1064? 
Again,  the  black-body  temperature  of  a  coated  iridium  disk  near 
the  center  of  the  furnace,  as  measured  with  these  lamps,  was  1306°, 
and  the  true  temperature,  as  given  by  the  thermocouples,  was  1307? 
Other  corroborative  measurements  were  made  at  intermediate  tem- 
peratures. 

From  the  final  differences  found  between  the  extrapolated  ther- 
moelectric scale  and  the  Wien  scale  (p.  205),  it  follows  that  the  dif- 
ferences between  these  two  scales  at  1300°  C  is  about  2°  or  3?  These 
experiments  therefore  indicate  that  the  departure  of  the  radiation 
of  the  iridium  furnace  from  the  practically  ideal  black-body  radi- 
ation in  terms  of  which  the  pyrometer  lamps  are  calibrated,  is  i  °  at 
1064°  and  about  3^5  at  1300?  The  corrections  for  "lack  of  per- 
fect blackness"  at  the  melting  points  of  palladium  and  platinum 
are  therefore  about  6°  and  8°,  respectively.  As  the  surrounding 
walls  of  the  furnace  are  at  a  slightly  higher  temperature  than  the 
radiating  body  under  observation,  the  lack  of  blackness  is  in  part 
offset  by  reflection  from  that  body. 

Methods  of  observatio7i. — To  determine  the  possible  effect  of  con- 
tamination of  the  metals  by  iridium,  some  melts  were  taken  with 
the  metal  (platinum)  completely  inclosed  in  tubes  of  fused  magnesia;  ^^ 
others  were  taken  with  the  pyrometer  sighted  on  the  bare  platinum 
hammered  into  a  disk ;  and  a  few  melts  were  also  taken  by  sighting 
upon  the  coated  iridium  disk,  immediately  behind  which  the  plat- 
inum was  placed.  The  instant  of  melting  for  the  first  and  last 
methods  was  determined  by  the  interruption  of  an  electric  circuit, 
while  for  the  second  the  melting  could  be  seen.  The  above  meth- 
ods gave  no  measurable  difference.  The  rate  of  rise  of  temperature 
at  the  melting  point  was  varied  within  the  limits  2°  to  15°  per 
minute,  the  usual  rise  being  about  5? 

Reduction  of  a7t  observation!. — The  following  example  will  serve 
to  illustrate  the  method  of  determining  the  temperature  at  the  in- 
stant of  melting.     When  the  temperature  had  approached  to  within 

^^The  authors  are  greatly  indebted  to  Mr.  J.  A.  Heany  of  York,  Pa.,  for  tubes  of 
fused  pure  magnesia. 
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15°  or  20°  of  the  melting  point,  observations  were  begun  and  con- 
tinued up  to  or,  where  possible,  a  few  degrees  beyond  the  melting 
point.  The  time-temperature  plot  was  then  drawn  (Fig.  8)  and  the 
temperature  corresponding  to  the  instant  of  melting  was  found  by 
interpolation.  This  procedure  gives  a  considerably  higher  accuracy 
than  a  single  observation. 


(I 

0 


37   mln. 


38 


Fig.  8. — Melting  Point  by  Interpolation. 


The  plot  gives  1082°  (^1=1355°  abs.)  for  the  black-body  tem- 
perature of  the  melting  metal  (platinum)  as  observed  through  the 
absorbing  mirrors  whose  coefficient  of  absorption,  K^  equals  200. 
Substituting  the  above  values  of  T^  and  K  in  the  Wien  equation, 


log  A^=^2 


log_e 
\ 


\T.     t} 


where  c^  —  \A^^oo  and  X  — 0.668/x,  we  have  7^3=2023°  abs.  =  1750°  C. 
Palladium. — Four  series  of  observations  were  taken  on  the  melt- 
ing point  of  palladium,  two  with  the  absorbing  mirrors,  one  with 
the  ten  degree  sector  disk,  and  one  without  any  absorption  screen. 
Table  XI.  The  second  series  with  the  absorbing  mirrors  was  taken 
several  months  after  the  first.  The  series  without  any  absorbing 
screens  gives  a  determination  of  the  melting  point  by  a  method 
which  is  not  based  on  Wien's  equation  but  on  direct  extrapolation 
by  the  calibration  equations  (p.  169)  of  the  pyrometer  lamps.  The 
series  with  the  sector  disk  was  taken  after  the  work  on  platinum 
when  the  furnace  had  developed  local  irregularities  in  its  tempera- 
ture distril)ution. 
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TABLE  XL 
Melting  Point  of  Palladium  in  Iridium  Furnace. 

BY  WIEN'S  EQUATION. 
With  Absorbing  Mirrors  K=200,  ^2  =  14500,  X=0.666ac. 
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Lamp  No 

Current  in  Lamp 

Observed  M.  P.  Black- 
body  Temperature 

Melting  Point 

132 

0.4827 

984° 

1538° 

u 

.4838 

986 

1542 

145 

.4808 

983.5 

1537 

<( 

.4823 

987 

1544 

171 

.4991 

984 

1538 

a 

.4989 

983.5 

1537 

168 

.4704 

986 

1542 

u 

.4711 
.4822 

987 
983 

1544 

1540° 

132 

1536 

(( 

.4827 

984 

1538 

(< 

.4842 

987 

1544 

168 

.4709 

986.5 

1543 

11 

.4692 

983.5 

1537 

171 

.4982 

983 

1536 

a 

.4997 

985 

1540 

1539° 

With  Sector  Disk  K=35.4,  C2,  =  14500,  X=0.666/x. 
171,  132,  145,  168,  11  Observations,  1124?5. 

BY  LAMP  CALIBRATION. 


1540^ 


Lamp  No 

Current  in  Lamps 

Melting  Point 

132 

0.8220 

1547° 

<< 

.8219 

1547 

145 

.7895 

1548 

<( 

.7900 

1549 

171 

.8654 

1546 

u 

.8665 

1547 

1547° 
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TABLE  XII. 

Melting  Point  of  Platinum  in  Iridium  Furnace. 

BY  WIEN'S  EQUATION. 

With  Absorbing  Mirrors  K=199,  C2  =  14500,  X=0.668ai  (Red). 
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Lamp  No 

Current  in  Lamp 
Amperes 

Observed  M.  P.  Black- 
body  Temperature 

Melting  Point 

145 

0.5280 

1081?5 

1749°  C 

168 

.5227 

1082 

1750 

n 

.5227 

1082 

1750 

171 

.5526 

1081 

1748 

u 

.5516 

1079 

1744 

u 

.5531 

1081 

1750 

tl 

.5526 

1081 

1748 

tt 

.5526 

1081 

1748 

tt 

.5516 

1079 

1744 

145 

.5271 

1080 

1746 

tt 

.5281 

1082 

1750 

132 

.5321 

1079.5 

1745 

(( 

.5306 

1076.5 

1738 

tt 

.5311 

1077.5 

1741 

tt 

.5321 

1080 

1746 

145 

.5245 
.5247 

1074.5 
1075° 

1735 

1746° 

145 

1736°  C 

(( 

.5271 

1080 

1746 

(( 

.5257 

1077 

1740 

132 

.5338 

1082.5 

1751 

(( 

.5323 

1080 

1746 

(( 

.5334 

1082 

1750 

tt 

.5311 

1077.5 

1741 

1744° 

With  Absorbing  Mirrors  K=228,  c,  =  14500,  \=0.547fx  (Green). 


145 

0.5653 

1156° 

1747°  C 

132 

.5748 

1158 

1750 

<( 

.5746 

1157.5 

1749 

168 

.5646 

1153.5 

1742 

171 

.5948 

1152.5 

1740 

<( 

.5945 

1152 

1739 

145 

.5641 

1153.5 

1742 

1744° 

IVa7dner.~\ 
Burgess.   J 
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TABLE  XIII. 

Melting  Point  of  Platinum  in  Iridium  Furnace. 

BY  WIEN'S  EQUATION. 
With  Sector  Disk  K=35.4,  C2  =  14500,  X=0.668ai  (Red). 
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Lamp  No 

Current  in  Lamp 
Amperes 

Observed  M.  P.  Black- 
body  Temperature 

Melting  Point 

168 

0.6189 

1241° 

1743°  C 

n 

.6189 

1241 

1743 

132 

.6224 

1240 

1741 

u 

.6241 

1242.5 

1745 

ct 

.6246 

1243.5 

1747 

145 

.6105 

1242 

1744 

11 

.6101 

1241 

1743 

171 

.6508 

1242 

1744 

it 

.6525 

1245 

1750 

if 

.6518 

1243.5 

1747 

1745° 

With  Sector  Disk  K=35.4,  c,=14500,  X=0.547/a  (Green). 


171 

0.6983 

1314?5 

1745°  C 

it 

,6948 

1309 

1739 

145 

.6463 

1306.5 

1736 

(I 

.6478 

1309.5 

1740 

132 

.6643 

1309 

1739 

a 

.6658 

1311.5 

1741 

1740° 

With  Sector  Disk  K=35.4,  C2  =  14500,  \=0A62fx  (Blue) 


132 

0.6968 

1361° 

1736°  C 

it 

.7018 

1369 

1746 

168 

.7020 

1364 

1740 

n 

.7028 

1366 

1742 

1741° 
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Platinum. — Three  series  of  obser\'ations  of  the  platinum  melting 
point  were  taken  with  the  absorbing  mirrors,  Table  XII,  two  with 
red  and  one  with  green  light.  Three  series  were  taken  with  the 
sector  disk.  Table  XIII,  using  respectively  red,  green,  and  blue 
light.  In  the  first  series  wath  red  light,  using  the  mirrors,  Table 
XII,  the  platinum  was  completely  inclosed  in  small  tubes  of  fused 
magnesia;  in  the  second,  the  platinum  was  hammered  out  into  a 
small  disk  and  observed  directly;  in  the  third  series,  with  green 
light,  the  platinum  was  protected  wuth  magnesia.  The  results  in 
the  table  show  that  there  was  no  appreciable  contamination  of  the 
exposed  platinum.  ]\Iost  of  the  observ^ations  with  the  sector  disk, 
Table  XIII,  were  taken  with  uncovered  platinum.  The  results  of 
the  measurements  of  both  platinum  and  palladium  are  discussed 
subsequently  (pp.  202  et  seq.). 

SURFACE  RADIATION  METHOD. 

In  this  method  the  black-body  temperature  of  exposed  strips  of 
platinum  or  palladium  at  its  melting  point  was  observed  by  means 
of  the  optical  pyrometer.  The  relation  between  the  true  tempera- 
ture and  the  corresponding  black-body  temperature  is  assumed  to 
be  that  given  b}-  extrapolation  of  the  relation  investigated  experi- 
mentally to  1250°  C.  (p.  178).  This  method  is  not  susceptible  of 
the  accuracy  of  the  preceding  one,  and  we  regard  the  results  only 
as  corroborative  e\-idence  that  the  usual  extrapolated  thermoelectric 
relation  gives  too  low  temperatures. 

Although  the  black-body  temperature  of  a  radiating  surface  may 
be  measured  with  very  considerable  accuracy,  it  is  difficult  to  pass 
from  this  to  the  true  temperature,  as  it  is  necessary  to  know  for  the 
material  under  observation  the  relation  of  its  radiation  to  black-body 
radiation.  This  is  difficult  to  determine  wathin  the  range  of  known 
temperatures  (about  1200°),  and  is  therefore  attended  wuth  greater 
uncertainty  when  extrapolation  must  be  resorted  to.  The  surface 
changes  due  to  very  high  temperatures,  such  as  pitting,  oxidation, 
and  crystallization,  might  be  expected  to  increase  the  "  blackness  " 
of  the  radiation  (i.  e.,  t—s  woukl  increase  less  rapidly,  due  to  this 
cause),  and  consequently  this  method  would  give  a  maximum  value 
for  the  true  temperature  of  the  melting  point. 


B^r^esT'~\      Melting  Points  of  Palladium  and  Platinum.  191 

It  is  evidently  possible  to  determine  experimentally  the  relation 
between  t^  and  s°  above  1250°  by  the  use  of  the  extrapolated 
thermoelectric  scale,  but  this  would  then  not  be  a  method  independ- 
ent of  the  thermoelectric  scale.  In  this  way  Holborn  and  Henning^^ 
were  led  to  1729°  and  1549°  for  the  melting  points  of  platinum  and 
palladium,  respectively. 

In  the  present  experiments  the  pyrometer  was  sighted  on  the 
hottest  portion  of  a  metallic  strip,  4  mm  wide,  0.02  mm  thick,  and 
about  8  cm  long.  The  strip  was  slowly  raised  to  the  melting  point 
by  means  of  an  electric  current,  and  the  reading  of  the  pyrometer 
taken  at  the  instant  of  melting. 

Palladium. — In  Table  XIV  are  given  the  results  of  the  experi- 
ments on  the  melting  point  of  palladium  in  terms  of  the  black-body 
temperatures  for  red,  green,  and  blue  light  by  extrapolation  of  the 
lamp  calibration  equations;  and  also  for  red  light  by  extrapolation 
of  the  Wein  equation,  using  the  absorbing  mirrors. 

By  linear  extrapolation  of  the  curve  giving  the  relation  between 
the  black-body  temperature  and  the  true  temperature  (p.  178)  the 
value  of  /°-6'°  =  174  for  j=  1387°,  so  that  this  method  gives  for  the 
corresponding  temperature  of  the  melting  point  of  palladium  1561° 
for  the  observations  with  red  light.  Similarly  the  observations  with 
green  light  give  ^'=  1425  +  144=  1569?  Experimental  evidence 
indicates  that  the  surface  of  palladium  deteriorates  more  than  that 
of  platinum  at  high  temperatures,  so  that  the  linear  extrapolation 
gives  too  high  values  for  t-s  for  palladium. 

Platinum. — In  the  experiments  on  platinum.  Table  XV,  the  same 
procedure  was  followed  as  for  palladium.  In  the  experiments  based 
on  Wien's  equation  the  absorbing  mirrors  were  used  in  two  posi- 
tions, with  the  line  of  sight  normal  to  the  radiating  surface  and  at 
an  angle  of  about  45?  As  has  already  been  shown  (p.  174),  the 
coefficient  of  absorption  of  the  mirrors  is  different  in  these  two  cases 
owing  to  the  polarization  of  the  light.  Two  absorbing  glasses  from 
Pellin  (p.  173)  were  also  used  by  this  method.  The  use  of  the  lamp 
calibration  equations  gives  a  slightly  higher  result  than  the  Wien 
equation,  as  was  also  found  by  the  furnace  method  (p.  187). 

^^ Holborn  and  Henning,  Berichte  d.  Berlin  Akad.,  12,  p.  311;  1905. 
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Lamp  No. 

Number  of           Mean  Current  in 
Observations                   Lamps 

Observed  Black-body 
Temperature 

Melting  Point,  Black- 
body  Temperature 

140 
168 
145 

6 
6 
6 

0.4473 
.4353 
.4501 

918°  C. 

916.5 

916 

1391°  C. 

1389 

1388 

1389° 

BY  LAMP  CALIBRATION. 


Lamp  No. 

Number  of 
Observ^ations 

Mean  Current  in 
Lamps 

Wave  Length 
A 

Melting  Point,  Black- 
body  Temperature. 

171 

8 

0.7456 

0.662 /A 

1383° 

u 

6 

.7495 

1388 

168 

6 

.7167 

1385 

ti 

8 

.7150 

?1383 

132 

12 

.7132 

1386 

145 

6 

.6958 

1393 

(( 

6 

.6925 

1388 

140 

6 

.7027 

1390 

r         20 
I         20 

6 

.547 

k  1385 

5  lamps 

//  1384 

.7128 

1386° 

145 

1422° 

u 

4 

.7128 

ti 

1422 

132 

4 
2 

4 

It 
It 

1429 

140 

1428 

168 

1429 

1425° 

Yi2 

168 

14 

.462 

1450° 

140 

/'Palladium  melted  on  Platinum  strip.     X'=Kahlbaum  Pd;  //=Heraeus  Pd. 
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Melting  Points  of  Palladimn  and  Platinum, 

TABLE  XV. 

Melting  Point  of  Platinum  with  Platinum  Ribbon. 

BY  WEIN'S  EQUATION. 
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Lamp. 
No. 


132 

140 

145 
n 

140 

(< 

145 


145 
140 
145 


Wave 

Length 

A. 


0.666^ 


.650 


.547 


Absorbing  Screen 


Mirrors  _L 


Mirrors  45° 
2  Pellin  glasses 


Mirrors  _L 


Mirrors  45° 


Number 

Abs.  coef. 

of 

K 

Obser- 

vations. 

200 

9 

<< 

6 

it 

6 

164 

10 

<( 

8 

101 

8 

(( 

6 

226 

8 

(( 

8 

188 

4 

Observed 

Black-body 

Tennperature. 


983?5  C 

979 

982 

996 

996 
1044 
1044.5 


1070 
1071 
1077 


Melting 
Point, 
Black-body 
Tempera- 
ture. 


1537° C 

1527 

1534 

1533 

1533 

1537 

1538 


1534^ 


1579 
1581 
1568 


1578° 


BY  LAMP  CALIBRATION. 


Lamp  No. 

"Wave  Length 

A 

Number  of  Observa- 
tions 

Melting  Point,  Black- 
body  Temperature 

171 
168 
132 

0.666fj. 
tc 

tc 

.547 
« 

.462 

• 

8 
6 
6 

6 
6 

6 
6 

1542°  C 

1548 

1544 

1544° 

132 
168 

1592 
1595 

1593° 

168 

171 

1632 
1623 

1627° 

23835—07- 
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By  the  same  method  used  for  palladium,  Ave  find  for  the  tempera- 
ture of  the  melting  point  of  platinum,  from  the  experiments  with 
red  and  green,  respectively: 

^=1539+209=1748°  (red). 

^=1585+172  =  1757°  fe^een). 

The  experiments  with  red  are  entitled  to  a  much  greater  weight 
than  those  with  green  light. 

THERMOELECTRIC  METHOD. 

Palladium. — The  wire  method,  frequentl}^  used  in  the  calibration 
of  thermocouples  at  the  melting  points  of  silver  and  gold,  was  used 
in  these  determinations.  A  short  length  (3  to  6  mm)  of  palladium 
wire  was  fused  between  the  platinum  and  the  platinum-rhodium  or 
platinum-iridium  wires  of  the  thermocouple.  The  couple  was 
mounted  with  this  junction  near  the  center  of  an  electric  furnace. 
The  heating  current  through  the  furnace  was  then  increased,  slowly 
raising  the  temperature,  w^hile  readings  of  the  E.  M.  F.  of  the 
couple  were  taken  rapidly  on  the  potentiometer  until  the  palladium 
connecting  link  melted.  Suitable  commutator  switches,  designed 
to  reduce  stray  thermal  E.  M.  F.s  to  a  minimum,  permitted  the 
reversal  of  the  potentiometer  current  and  the  connections  of  the 
couple  during  the  heating. 

The  furnaces  used  in  this  work  were  modified  Heraeus  resistance 
furnaces,  with  porcelain  tubes,  about  20  mm  internal  diameter, 
wound  over  a  length  of  about  25  cms  with  platinum  ribbon  about 
20  mm  wide  and  0.007  mm  thick. 

Various  methods  of  mounting  the  couple  were  tried.  In  some  of 
the  earlier  experiments  the  couple  was  stretched  through  the  furnace 
in  a  horizontal  position,  without,  however,  being  in  contact  with  its 
walls;  in  others,  the  wires  of  the  couples  were  run  through  Berlin 
porcelain  tubes  (2  mm  internal,  4  mm  external  diameter).  On  ac- 
count of  the  unavoidable  slight  differences  in  temperature  between  the 
two  ends  of  the  short  palladium  wire,  a  vertical  arrangement  of  the 
furnace,'"'  shown  in  1^'ig.  9,  was  used  in  the  later  experiments.  This 
mounting  also  eliminated  the  possible  effect  of  tension  on  the  wire. 

'*  Although  shown  in  a  horizontal  position  in  the  illustration,  the  furnace  was  used 
in  a  vertical  position. 
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At  these  high  temperatures  porcelain  begins  to  soften  and  also 
becomes  conducting,  so  that  care  must  be  taken  to  eliminate  the 
effect  of  any  leakage  of  the  heating  current  to  the  thermocouple 
circuit.  Some  preliminary  experiments,  made  in  a  small  porcelain 
tube  furnace  5  mm  internal  diameter  with  the  wires  of  the  couple 
resting  on  the  procelain,  gave  quite  discordant  results  due  to  this 
cause.  When  the  couple  was  mounted,  as  indicated  in  Fig.  9,  a 
reversal  of  the  furnace  heating  current  showed  entire  absence  of 
leakage.  In  some  of  the  earlier  experiments  with  other  forms  of 
mounting  there  was  a  slight  leakage,  which,  however,  was  always 
determined  by  taking  observations  of  the  K.  M.  F.  of  the  couple,  a 
few  degrees  below  the  melting  point,  with  the  heating  current  alter- 
nately reversed.     The   correction  for  leakage  never  exceeded   3°, 


vr^^7^■?^r';'?^^!^^^^^A<.s<kk^'sls'sk^'^sk'^'s^|,'J,^^'s^'s^^^^\^^^^■^^^'^^^^^ 
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Fig.  9. — Furnace  for  Palladium  Melting  Point. 

and  the  results  obtained,  when  this  correction  is  applied,  agree 
with  the  later  determinations. 

The  palladium  used  was  in  the  form  of  wire  and  twisted  strips, 
furnished  as  chemically  pure  by  Herseus  and  by  Kahlbaum.  Wires 
of  two  sizes  (0.6  mm  and  0.3  mm)  were  used,  which,  together  with 
the  strips,  allowed  any  possible  effect  of  strain  in  interrupting  the 
circuit  near  the  melting  point  to  be  determined.  With  the  mount- 
ing finally  adopted  no  such  effect  was  observed. 

Calibratio7i  of  Thermo coitples. — Five  thermocouples  were  used  in 
this  determination  of  the  melting  point  of  palladium,  designated  as 
7^1,  7^2,  S^^  /^i,  and  W^^  respectively,  the  letters  indicating  the  classi- 
fication and  use  of  the  couples  in  the  laboratory  as  primary,  second- 
ary, and  working  standards.     The  nature  and  source  of  the  couples 
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are  given  in  Table  XVII.  The  five  thermocouples  form  a  part  of 
the  set  of  sixteen  standard  platinum  couples  of  the  Bureau,  all  of 
which  have  been  frequently  intercompared  and  which  define  the 
temperature  scale  of  the  Bureau  in  the  range  500°  to  1200°  C. 

The  couples  were  calibrated  at  the  freezing  points  of  pure  zinc 
(419°),  antimony  (630?5),  and  copper  (1084°)  in  a  reducing  atmos- 
phere).^*' The  metals  were  contained  in  graphite  crucibles,  16.5  cms 
high  and  about  200  ccms  capacity,  thus  insuring  ample  depth  of 
immersion.  The  surface  of  the  metal  was  covered  with  powdered 
graphite  to  prevent  oxidation.  The  calibrations  were  carried  out 
in  both  gas  and  electric  furnaces,  and  at  the  beginning  and  after  the 
conclusion  of  this  work.  For  this  purpose  chemically  pure  zinc 
and  copper  from  Kahlbaum,  Eimer  and  Amend,  and  Baker  and 
Adamson  were  used.  The  freezing  points  of  these  two  metals  from 
the  different  sources  agreed  to  within  o?2.  The  antimony  used  was 
"Kahlbaum"  antimony. 

The  couples  were  further  checked  during  their  use  by  determina- 
tions of  the  melting  points  of  gold  and  silver  by  the  wire  method. 
Thirty-two  such  determinations  on  gold,  the  average  value  of  which 
was  io64?o  and  five  on  silver  which  gave  953^4,  showed  that  the 
couples  remained  constant  to  within  two  or  three  tenths  of  a  degree, 
notwithstanding  that  small  lengths  of  the  wire  at  the  junction  were 
frequently  cut  off.  This  indicates  that  the  wires  were  homogenous 
and  that  the  exposures  to  over  1500°  in  air  produced  no  measurable 
changes. 

Before  calibration  the  wires  of  the  couples  were  explored  for 
homogeneity  by  passing  them  step  by  step  through  a  short  electric 
furnace  made  of  small  bore  porcelain  tubing,  the  wires  being  in 
circuit  with  a  sensitive  D'Arsonval  galvanometer.  The  wires 
were  thoroughly  annealed  electrically  at  white  heat  previous  to- 
calibration.^^  In  all  measurements  with  thermocouples  the  cold 
junctions  were  kept  at  0°  C. 

Two  of  the  couples  used  in  this  investigation  were  recently  cali- 
brated at  the  Physikalisch-Technische  Reichsanstalt  and  another 
about  four  years  ago.     These  couples  were  also  compared  in   an 

^''Holborn  and  Day,  Am.  Jl.  Sci.,  (4),  10,  p.  171;  1900. 

■■'^The  results  obtained  at  the  Bureau  during  the  past  three  years  on  the  treatment 
and  homogeneity  of  wires  for  thermoelectric  use  will  be  published  later. 
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electric  furnace  with  a  couple  calibrated  at  the  National  Physical 
Laboratory  of  England,  These  calibrations  agree  with  our  own  to 
within  2°  at  1500? 

Potentio7neter. — The  measurements  of  the  electromotive  force 
of  the  thermocouples  were  made  with  a  Leeds  and  Northrup  type  K 
potentiometer,  modified  by  the  addition  of  two  shunts,  so  that  the 
range  was  extended  from  1.6  to  0.000  001  volt.  As  one  division  of 
the  bridge  wire,  which  consists  of  10  turns  of  manganin  wire  wound 
on  a  grooved  marble  cylinder  about  1 5  cm  diameter,  corresponds  to 
a  length  of  about  2.75  mms  on  the  divided  circular  scale,  estimates 
to  within  one-tenth  of  a  microvolt  can  easily  be  made.  A  twenty- 
step  dial  enabled  the  working  current  (0.02000  amp)  to  be  adjusted 
to  any  value  of  the  Weston  (unsaturated)  cadmium  cell  (1.0180  to 
1. 01 99  volts).  The  potentiometer  was  calibrated  by  the  electrical 
division  of  the  Bureau  immediately  after  the  potentiometer  was 
received  from  the  makers  and  again  during  the  progress  of  this 
investigation. 

All  measurements  were  referred  to  two  Weston  cadmium  cells, 
one  used  as  a  working  standard,  the  other  as  an  occasional  reference 
standard,  these  cells  being  frequently  compared  with  the  standard 
Clark  cells  of  this  Bureau. 

Redtcction  of  observations. — As  an  illustration  of  the  method  of 
reduction  of  the  observations  we  may  take  the  determinations  in 
the  vertical  furnace  with  couple  Wy  The  calibration  of  W^^  is  given 
by  the  following  data : 

Freezing  point  of Zn  Sb  Cu 

Temperature 419?0        630?5         1084?0 

E.  M.  F.  (microvolts) ,     5966  9502  17702 

This  leads  to  the  equation : 

(a)  ^=—498.3+14-569^+0.0020490/^ 


where  E  is  expressed  in  microvolts   and  t  in  degrees  centigrade,  if 
the  cold  junction  is  at  0°  C. 
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The   observations    at  the    melting    point    of  palladium    were   as 
follows  : 


E.  M.  F. 

Deviation. 

{microvolts) 

26602 

—  15 

611 

—28 

575 

+  08 

580 

+03 

540 

+43 

590 

—07 

Mean=26583 

17 

Potentiometer  correction  =     -j-8 

26591 

B}'  substitution  in  the  above  equation,  the  melting  point  of 
palladium  =  1530?!,  as  given  by  Wy 

Results. — The  results  of  the  thermoelectric  determination  of  the 
melting  point  of  palladium  are  given  in  Table  XVI. 

TABLE  XVI. 

Melting  Point  of  Palladium — Wire  Method. 


Thermocouple 

Number  of 
Observations 

Melting  Point 
of  Palladium 

Remarks 

Wi 

5 

1531?0 

Horizontal  furnace;  bare  wires. 

s, 

6 

1530.5 

Horizontal  furnace ;  porcelain  tubes. 

W3 

4 

1530.0 

li                                                 u 

p. 

5 

1529.5 

tt                                 tt 

Pi 

2 

1530.0 

Vertical  furnace;  see  Fig.  9. 

s. 

2 

1530.5 

ti                        (( 

p. 

2 

1530.0 

((                        It 

Wi 

3 

1530.5 

tt                        tt 

W3 

6 

1530.1 

tt                        tt 

Mean 

=  I530?2 

The  average  deviation  of  a  single  observation  of  the  melting  point 
from  the  mean  is  i?2  in  the  thirty-five  determinations  here  summar- 
ized, and  is  considerably  less  for  the  later  determinations,  i.  e.,  when 
the  mounting  of  Fig.  9  was  used.     Some  months  later,  additional 
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determinations  were  carried  out  in  the  iridium  furnace  (p.  184),  which 
was  heated  by  an  alternating  current  and  in  which  the  couples  were 
insulated  with  fused  magnesia  tubes.  These  later  measurements, 
which  are  entitled  to  less  weight,  gave  1528?  Observations  with 
the  three  samples  of  palladium  used  can  not  be  distinguished  from 
one  another. 

Platinum. — Bach  of  the  optical  determinations  of  the  melting 
point  of  platinum  carried  out  in  the  iridium  furnace  was  accom- 
panied by  a  thermoelectric  determination.  For  the  couples  in  which 
one  wire  was  pure  platinum,  the  E.  M.  F.  was  observed  at  the  instant 
the  platinum  wire  melted.  For  couples  W^  and  W^^  which  were 
each  made  of  a  10  per  cent  and  of  a  20  per  cent  alloy  of  rhodium 
with  platinum,  the  wire  method  already  described  (p.  194)  was  used. 
For  the  experiments  with  the  iridium,  iridium-ruthenium  couples 
an  indicator  circuit,  consisting  of  two  platinum-rhodium  wires  joined 
by  a  short  connecting  link  of  pure  platinum  placed  very  near  the 
junction  of  the  thermocouple,  served  to  define  the  instant  of  melt- 
ing of  the  platinum  by  the  interruption  of  an  electric  circuit.  The 
results  are  summarized  in  Table  XVII.  From  two  to  five  melts  were 
made  with  each  couple. 

The  equations  in  the  table  are  those  given  by  a  calibration  made 
after  the  melting  point  determinations.  Some  of  the  couples  were 
also  calibrated  before  the  determinations  and  the  equation  (a)  com- 
puted (see  p.  201).  The  melting  points  given  in  the  table  by  equa- 
tion (a)  are  obtained  by  assigning  greater  weight  (3:1)  to  the  final 
calibration. 

The  two  series  of  calibrations  gave  the  following  differences  in 
E.  M.  F.  at  1000°: 


Couple 

Platinum-Rhodium 

Platinum-Iridium 

P2 

P3 

Si 

We 

W3 

Enew— Eoid  Microvolts 

—7 

—5 

—46 

+3 

+53 

The  effect  of  exposure  to  very  high  temperature  is  in  general  to 
produce  a  decrease  in  E.  M.  F.  for  a  given  temperature,  due  to  dis- 
tillation of  the  rhodium  and  iridium.  The  opposite  effect  in  the 
iridium  couples  {W^  and  W^^  as  well  as  the  large  effect  in  S^^  is 
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probably  due  to  the  inhomogeneity  of  the  wires.  After  each  melt 
a  short  piece  of  wire  was  cut  off,  so  that  a  different  junction  was 
calibrated. 

TABLE  XVII. 

Melting  Points  of  Palladium  and  Platinum  by  Thermoelectric  Method. 


Couple 


Po  Heraeus 

Pt,  90  Pt-10  Rh. 

P3  Heraeus 

Pt,  90  Pt-10  Rh. 


Si  Heraeus 

Pt,  90  Pt-10  Rh. 


P4  Johnson  and  Matthey . 
Pt,  90  Pt-10  Rh 


We  Heraeus , 

Pt,  90  Pt-10  Ir 


■W3  Carpentier 

Pt,  90  Pt-10  Ir. 


Calibration 
Points 


Wg  Heraeus 

90  Pt-10  Rh,  80Pt-20Rh 

W9  Heraeus 

90  Pt-10  Rh,  80  Pt-20  Rh 


R]  Heraeus 

Ir,  90lr-10Ru 


R2  Heraeus 

Ir,  90Ir-10Ru 


Zn,Sb,Cu 

Zn,— ,Cu 

— ,Sb,Cu 

Zn,Sb,Cu 

Zn,— ,Cu 

—  ,Sb,Cu 

Zn,Sb,Cu 

Zn, — ,Cu 

—  ,Sb,Cu 

Zn,Sb,Cu 

Zn,— ,Cu 

—  ,Sb,Cu 

Zn,Sb,Cu 

Zn, — ,Cu 

— ,Sb,Cu  

Zn,Sb,Cu 

Zn,— ,Cu 

—  ,Sb,Cu 

Zn,Sb,Cu 

800°, 1000°, 1200°. 
800°, ,1200°. 

Zn,Sb,Cu 

800°, 1000°, 1200°. 
800°, ,1200°. 

600°,900°,1200°. . 

600°, ,1200°.. 

600°, ,1200°.. 

600°,900°,1200°. . 

600°, ,1200°.. 

600°, ,1200°.. 


Equation 


E= -266+7. 991t+0. 00l747t2. . 

E=2.658ti^84 

E=2,464t^i95 

E= -299  +  8. 088t+0.001699t2  . . 

E=2.618ti'8T 

E=2.460t^i9« 

E=-272+8.085t+0,001620t2. . 

E=2.807tii"6 

E=2.634ti-185 

E=-480+9.868t+0.001617t2 . . 

E=3.115tii83 

E=3.115t^i83 

E-= -565  +  16. 207t+0.0001301t- 

E-10.210t^-W3 

E=10.967ti-053 

E= -538  +  14. 80t+0.001911t2  . . 

E=6.095t^i« 

E=6.006ti-"^ 

E=  -170+0. 2125t+0.002031t'  . 
E  =  -800+1.525t+0.001375t2 . . 
E=0.001266t2i^'i 

E==-182+0.2850t+0.001925t-  . 
E= -758  +  1. 485t+0, 001325t2. . 
E  ^0.001448t2-048 

E=  I  308+3.312t-0,000050t2.. 
E^7.836tO-8807 

E= +344+3. 222t 

E= -223+3. 486t-0.000072t2  . . 

E^1.997ti-"«c 

E-   -172+3. 358t 


Melt- 
ing 
Point 

of 
Palla- 
dium 


Melting 
Point 

of 
Plati- 
num 


1521° 

1548 

1542 

1537 
1560 
1556 

1532 
1561 
1558 


1701^ 

1745 

1738 

1715 
1753 
1748 

1708 
1754 
1747 


1524 

1698 

1536 

1717 

1536 

1717 

1525 

1710 

1516 

1697 

1522 

1704 

1528 

1705 

1541 

1728 

1541 

1728 

1507 

1687 

1531 

1734 

1497 

1671  • 

1507 

1710 

1530 

1755 

1498 

1693 

1551 

1738 

1565 

1757 

1547 

1726 

1533 

(1704)? 

1517 

(1676)? 

1526 

(1690)? 

Waidner. 
Burgess 
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The  two  formulae  most  frequently  used  to  express  the  relation 
between  temperature  and  electromotive  force  for  the  usual  platinum- 
rhodium,  and  platinum-iridium  thermocouples,  are 


(a) 
(b) 


E=a^bt-\-ct^  (Avenarius) 

E=  mt  (Holman) 

where  t  is  the  temperature  of  the  hot  junction,  and  the  cold  junc- 
tions are  at  o? 

The  melting  points  of  platinum  and  palladium  have  been  com- 
puted (Table  XVII)  by  both  types  of  equation,  and  for  the  iridium, 
iridium-ruthenium  couples  a  linear  extrapolation  is  also  given. 

It  will  at  once  be  seen  that  widely  different  results  are  obtained, 
depending  on  the  type  of  equation  and  the  calibration  data  used, 
although  within  the  range  400°  to  1100°  these  two  equations  differ 
nowhere  by  more  than  about  2°  for  the  usual  10  per  cent  rhodium 
or  iridium  couples.  For  the  couples  W^  and  W^  the  curvature  is  so 
great  that  the  values  obtained  by  equations  (a)  and  (b)  differ  greatly 
even  within  the  calibrated  interval. 

The  mean  values  for  the  melting  points  of  palladium  and  platinum, 
as  given  by  the  10  per  cent  rhodium  and  iridium  couples  P^^  P^^  Pg, 
P4,  6^1,  .Sg,  /^i,  W^^  ^3,  are  as  follows : 


Metal 

Equation  (a) 
Zn,  Sb,  Cu 

Equation  (b) 

Zn,  Cu 

Sb,  Cu 

Palladium 

1530° 
1706° 

1544° 
1732° 

1542° 

Platinum 

1730° 

The  values  obtained  for  the  melting  points  of  palladium  and  plat- 
inum by  the  application  of  equation  (a)  to  the  thermocouple  obser- 
vations are  considerably  lower  than  the  values  obtained  by  the 
optical  observations  and  Wien's  equation.  For  the  10  per  cent  rho- 
dium and  iridium  couples,  equation  (b)  gives  values  which  are  much 
closer  to  the  optical  values.  If  by  the  "true  temperature"  we  mean 
the  temperature  by  the  thermodynamic  or  ideal  gas  scale,  Wien's 
equation,  with  the  constant  c^  determined  from  observations  within 
the  range  of  practical  gas  thermometry,  gives  at  present  the  closest 
convenient  representation  of  the  true  temperature. 
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V.  GENERAL  DISCUSSION  AND  CONCLUSIONS. 

The  precautions  necessaty  in  the  construction  and  use  of  an 
experimental  black-body  to  give  ideal  black-body  radiation  have 
been  described  at  length.  It  was  possible  to  construct  a  black-body 
in  which  the  temperature  distribution  at  1300°  was  constant  to  1° 
throughout  the  greater  part  of  the  radiating  inclosure. 

Five  pyrometer  lamps  were  calibrated  by  comparison  with  thermo- 
couples up  to  1300°,  using  this  uniformly  heated  black-body  as 
radiating  source.  The  relation  between  the  black-body  temperature 
and  the  current  through  the  lamps  is  represented  by  an  equation  of 
the  form  I=a-\-bt-\-ct'^^  with  an  average  deviation  of  less  than  i?5. 

In  order  to  extend  the  optical  scale  to  higher  temperatures,  the 
absorption  coefficients  of  absorbing  mirrors  and  glasses  were 
determined  for  red  and  green  light.  The  effect  of  lack  of  mono- 
chromatism  of  so-called  monochromatic  glasses  on  temperature 
measurements  was  investigated,  as  well  as  the  effect  of  the  polari- 
zation of  light  emitted  by  palladium  and  platinum  on  the  absorption 
coefficient  of  the  mirrors. 

The  relation  of  the  radiation  of  palladium  and  platinum  to  that 
of  a  black-body  was  investigated,  experimentally,  for  red  and  green 
light,  up  to  1250?  Three  methods  of  estimating  the  actual  tem- 
perature of  the  radiating  surface  were  used. 

Table  XVIII  gives  the  results  obtained  where 

/  =  true  temperature  of  the  radiating  surface,  and 
j-=:  corresponding  black-body  temperature. 

TABLE  XVIII. 
Radiation  from  Platinum  and  Palladium. 


8 

700° 

800° 

900° 

1000° 

noQo 

1200° 

1300° 

1400° 

1500° . 

PLATINUM. 

t     8 

(A=0.66m) 

t-   8 

}      - 

58 

72 
53 

90 
68 

110 
86 

132 
103 

155 
121 

(178) 
(139) 

(200) 
(157) 

(A=0.55  m) 

/ 

PALLADIUM. 

t-8 

I   « 

58 

72 

90 

110 

129 

(143) 

(A  ==0.66  m) 
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The  melting  points  of  palladium  and  platinum  were  measured  by 
three  methods : 

(i)  The  black-body  method  in  which  the  temperature  of  melting 
within  an  electrically  heated  iridium  furnace  was  measured  with  an 
optical  pyrometer. 

(2)  The  surface-radiation  fnethod  in  which  the  black-body  tem- 
perature of  electrically  heated  ribbons  of  these  metals  was  measured 
at  the  instant  of  melting. 

(3)  The  thermoelectric  method  based  on  extrapolation  by  several 
formulae.  Ten  thermocouples  of  the  following  types  were  used: 
Pt,  90  Pt-io  Rh;  Ft,  90  Pt-io  Ir;  90  Pt-io  Rh,  80  Pt-20  Rh;  Ir, 
90  Ir-io  Ru. 

The  results  of  the  experiments  by  the  black-body  method  are 
summarized  in  Table  XIX,  where 

/i=7"i  —  273°  =  observed  black-body  temperature, 
A"=  absorption  coefficient  of  the  screen  used, 
X==wave  length  of  light, 

<;2  =  constant  of  the  equation,  log  K^=^  — — -^ — (  ^  —  —  1 

t^=  T^—  2J 2)°  =  calculated  temperature  °C.  of  melting  point. 

The  highest  temperatures  measured  with  the  sector  disk  were 
1242°  in  the  experiments  with  red,  and  1365°  in  experiments  with 
blue  light.  At  these  temperatures,  the  scale  defined  by  the  pyrom- 
eter lamps,  which  is  here  practically  in  agreement  with  the  extra- 
polated thermoelectric  scale,  is  certainly  not  much  in  error ;  while 
the  temperatures  measured  by  the  absorbing  mirrors,  1080°  for  the 
red  and  1155°  for  the  green,  are  within  the  range  of  known  temper- 
atures ;  and  the  results  obtained  by  the  use  of  mirrors  are  in  most 
satisfactory  agreement  with  those  obtained  with  the  sector  disk. 

The  surface  radiation  method,  which  is  not  capable  of  the  same 
order  of  accuracy  as  the  preceding,  and  which  is  regarded  only  as 
corroborative,  gives  for  the  melting  point  of  platinum  1750°,  and 
for  palladium  1563°  on  the  basis  of  a  linear  extrapolation  of  the 
relation  between  s°  and  t°  —  s°.  On  account  of  the  changes  in  the 
surface   of   palladium   at  high  temperatures,  this  method  gives  a 
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higher  value  for  that  metal  than  the  black-body  method,  as  is  to  be 
expected. 

TABLE  XIX. 

Melting  Points  by  Black-body  Method. 

PLATINUM. 


No. 

Melt- 

Group 

obs. 

comp. 

K 

A 

C2 

of 
obs. 

Remarks 

ing 
Point 

a 

1242° 

1745° 

35.5 

0.668 

14500 

10 

rSector  disk  and  Wein's 
I     equation 

b 

1310 

1740 

11 

.547 

<< 

6 

((                 (( 

c 

1365 

1741 

<( 

.462 

<( 

4 

(I                it 

1745° 

d 

1080 

1746 

199 

.668 

<< 

16 

rAbsorbing  mirrors  and 
I     Wien's  equation 

e 

1155 

1744 

228 

.547 

It 

7 

tt                It 

PALLADIUM. 


a} 


985° 
984.5 

1124.5 
1547 


1540' 
1539 

1540 


200 


35.5 


0.666 


14500 


8 
7 

11 


rAbsorbing  mirrors  and 

I     Wein's  equation 
tt  tt 

rSectordisk  and  Wein's 
I     equation 
Lamp  equation  extra- 
polation 


1540° 


The  temperatures  estimated  by  thermoelectric  extrapolation  differ 
very  considerably  depending  upon  the  formula  and  calibration  data 
used.     The  two  types  of  formula 

(a)  E^a^bt-\-ct^ 


(b) 


E^nie 


which  agree  to  within  2°  up  to  1200°  for  the  usual  10  per  cent 
platinum-rhodium  and  platinum-iridium  thermocouples,  were  com- 
pared at  the  melting-  points  of  palladium  and  platinum,  for  the  four 
types  of  couple  mentioned  above.  The  usual  10  per  cent  platinum- 
rhodium  and  platinum-iridium  thermocouples  give,  by  formula  (a), 
1530°  and  1706°,  and  by  formula  (b),  1543°  and  1731°,  for  the  melt- 
ing points  of  palladium  and  platinum,  respectively.     The  other  types 
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of  thermocouples  give  results  differing  25°  or  more  from  these 
values.  Harker^^  using  formula  (a)  and  several  types  of  thermo- 
couples found  1710°  for  platinum.  Holborn  and  Henning^^  have 
published  the  values  1535°  and  1710°  for  the  melting  points  of 
palladium  and  platinum,  presumably  by  this  same  method.  The 
temperature  scale  obtained  by  extrapolation  based  on  the  use  of 
formula  (a)  and  the  usual  10  per  cent  platinum-rhodium  and  plati- 
num-iridium  thermocouples,  differs  from  the  optical  scale  resulting 
from  this  investigation  by  the  amounts  given  in  Table  XX- 

TABLE  XX. 
Thermoelectric  and  Optical  Scales. 


Temperatures  on  Thermoelectric 
Scale 

1200° 

1300° 

1400° 

1500° 

1600° 

1700° 

Optical-Thermoelectric 

0 

2 

6 

14 

25 

43 

Nernst  and  Wartenberg^*  using  the  black-body  method  and  a 
Wanner  optical  pyrometer  adjusted  for  yellow  light,  found  for  pal- 
ladium 1541°  and  for  platinum  1745°,  where  the  constant  of  the 
Wien  equation  was  taken  as  Cg^  14600,  and  the  melting  point  of 
gold  as  1064?  On  the  basis  of  C2=  14500,  as  used  in  the  present 
investigation,  Nernst  and  Wartenberg's  values  become  1545°  for 
palladium  and  1750°  for  platinum. 

Since  the  completion  of  the  experiments  described  in  this  paper, 
Holborn  and  Valentiner,^^  in  an  elaborate  intercomparison  of  the 
optical  temperature  scale  with  the  scale  of  the  gas  thermometer  to 
1600°,  have  found  for  the  constant  of  the  Wien  equation,  Cg^  14200, 
and  for  the  melting  points  of  palladium  and  platinum,  1582°  and 
1789°,  respectively. 

The  generally  accepted  value,  Cg^  14500,  used  in  the  present 
investigation,  is  that  based  on  the  experiments  of  Lummer  and 
Pringsheim,  of  Paschen,  and  of  Wanner.  It  becomes  of  interest  to 
discuss  the  effect  on  the  results  of  the  present  investigation  of 
changing  the  value  of  Cg.     We  have  therefore  in  Table  XXI  given 

^^Harker,  Chemical  News,  91,  p.  262;  1905, 

^^Holborn  and  Henning,  Sitzber.  Berlin  Akad.,  12,  p.  331;  1905. 
2*Nernst  and  Wartenberg,  Verb.  Deutsch  Phys.  Ges.,   8,  p.  48;  1906. 
2^  Holborn  and  Valentiner,  Ann.  der  Physik.,  22,  p.  i;  1907. 
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these  results  recomputed  on  the  basis  of  Cg^  14600  and  02=14200 
and  also  the  effect  of  expressing  the  observed  temperatures  (/j)  on 
the  Holborn-Valentiner  gas  scale.  The  key  to  the  table  is  the  same 
as  for  Table  XIX.  The  letters  a,  b,  c,  etc.,  under  column  headed 
"Group"  refer  to  observations  in  the  corresponding  line  of  Table 
XIX. 

TABLE  XXI. 

Melting  Points  of  Platinum  and  Palladium  Reduced  by  Several   Methods. 

PLATINUM. 


Group 

obs. 

t2 

comp. 

K 

a 

1242° 

1740° 

35.5 

a 

1242 

1759 

b 

1310 

1750 

c 

1365 

1750 

a 

1246 

1766 

b 

1319 

1765 

c 

1377 

1768 

d 

1080 

1760 

192 

e 

1155 

1757 

219 

d 

1080 

1748 

179 

e 

1155 

1743 

201 

0.663 


.668 

.547 
.462 

.668 

.547 
.462 

.668 

.547 
.668 
.547 


C2 


14600 


14200 


Remarks 


Groups    b-e    give    same 

Melting  Point  as  Group 

a.    Value  of  c^  used  by 

Nernst     and    Warten- 

berg 

jValue  of  Co  found  by  Hol- 

l     born  and  Valentiner 

II         <(         (( 


Melting 

points 

(comp,) 


<<                H                11 

tj  expressed  on  H.-V. 
scale 

gas 

a           <<           u 

^^           11           n 

K  computed  on  H,-V. 
scale 

gas 

((         (<         << 

K  computed  for  C2=14200. 

^t  a    << 


V1740° 


1756 


fl766 


a758 


1746 


II 


III 


IV 


PALLADIUM. 


c^ 

1124?5 

1536° 

35.5 

0.666 

14600 

1  Value  of  C2  used  by  Nernst 
I     and  Wartenberg 

|l536° 

I^ 

c» 

1124.5 

1551 

•• 

•• 

14200 

jValue  of  c.^  found  by  Hol- 
l     born  and  Valentiner 

}l55l 

ir 

a^ 

985 

1551 

192 

•• 

•• 

jK  computed  on  H.-V.  gas 
I    scale 

ll551 

IV^ 

a^ 

985 

1540 

171 

•• 

K  computed  for  C2  =  14200. 

1540 

v 
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From  Table  XXI  (/  and  /^)  it  will  be  seen  that  the  observations 
when  reduced  for  ^Tg^  14600,  would  give  1740°  for  platinum  and 
1536°  for  palladium.  The  results  of  the  sector-disk  experiments 
(//  and  //^),  when  reduced  for  c^  —  \/\2,oo^  give  1756°  and  1551? 
The  same  observations  when  the  observed  temperature  t^  is  expressed 
on  the  Holborn-Valentiner  gas  scale  give  (///)  for  platinum,  1766? 
The  value  for  palladium  is  unchanged  because  the  observed  value 
of  t^  (=1124? 5)  is  within  the  range  of  the  Holborn-Day  gas  scale 
with  which  the  Holborn-Valentiner  scale  was  made  to  coincide  at 
this  temperature. 

With  the  absorbing  mirrors,  assuming  (Tg^  14200  and  computing 
A"  (experiments  on  p.  172)  on  the  Holborn-Valentiner  gas  scale  {IV 
and  //^^),  the  platinum  point  would  be  1758°  and  the  palladium 
point  1 55 1?  If,  in  the  computation  of  K^  temperatures  are 
expressed  on  the  scale  defined  by  the  pyrometer  lamps  and  c^  is 
taken  as  14200  (V 2ccA  />^^),  the  melting  points  would  be  1746°  and 
1540°,  respectively. 

Using  ^2=14200  and  expressing  the  observed  temperatures  t^  on 
the  Holborn-Valentiner  scale,  the  mean  of  the  experiments  with  the 
mirrors  and  with  the  sector  disk  gives  1762°  for  platinum  and  1551° 
for  palladium.  These  seem  to  be  the  maximum  temperatures  that 
can  be  assigned  from  our  experiments.  Furthermore,  when  this 
method  of  reduction  is  used,  the  observations  with  the  sector  disk 
and  with  the  absorbing  mirrors  are  not  in  agreement. 

As  a  further  illustration  of  the  effects  on  our  results  of  reduction 
by  the  two  methods,  namely,  on  the  one  hand,  using  c^—  14500  and 
the  temperature  scale  given  by  the  pyrometer  lamps,  and,  on  the 
other  hand,  using  ^Tg^  14200  and  expressing  temperatures  on  the 
Holborn-Valentiner  scale,  we  have  computed  the  absorption  factor 
of  the  sector  disk  by  both  methods,  as  shown  in  Table  XXII. 

The  observed  value  of  K  is  that  obtained  by  measurements  with 
a  circular  dividing  engine. 

The  difference  in  A",  as  computed  by  the  two  methods,  can  not  be 
accounted  for  by  differences  in  Z^,  as  at  1250°  for  example  the  two 
temperature  scales  differ  by  less  than  5°,  but  is  due  to  the  different 
values  assumed  as  the  melting  points  of  platinum  and  palladium. 
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TABLE  XXII. 
Computation  of  Absorption  Factor  of  Sector  Disk. 


Group 

t]  obs 

to  as- 
sumed 

A 

C2 

Remarks 

K  com- 
puted 

K  ob- 
served 

a 

1243° 

1310 

1124.5 

1745° 

1745 

1540 

0.668 
.547 
.666 

14500 
14500 
14500 

Pyrometer  lamp  scale,  Wien 
equation 

35.6 
36.9 
35.5 

b 

Pyrometer  lamp  scale,  Wien 
equation 

ci 

Pyrometer  lamp  scale,  Wien 
equation , 

35.5 

a 
b 

1246 
1319 
1124.5 

1789 
1789 
1582 
t^obs 
1253 

1257 

.668 
.547 
.666 

14200 
14200 
14200 

Holbom-Valentiner  gas  scale. 
It                      <( 

tt                      11 

38.8 
41.1 
43.1 

P- 

950.5 
950.5 

.660 
.660 

14500 
14200 

Pyrometer  lamp  scale,  Wien 
equation 

35.2 
35.0 

iC 

Holborn  -  Valentiner   scale, 
Wien  equation 

In  view  of  the  above  discussion,  the  most  probable  vahies  of  the 
melting  points  of  palladium  and  platinum,  resulting  from  the  experi- 
ments of  this  investigation,  are  1540°  and  1745°,  respectively,  on  the 
basis  of  Wien's  equation.  A  further  correction  has  to  be  applied  for 
the  lack  of  blackness  of  the  iridium  furnace  (p.  185),  so  that  our  final 
values  are  1546°  for  the  melting  point  of  palladium  and  1753°  for 
the  melting  point  of  platinum. 

The  wide  fluctuations  in  the  values  of  these  melting  points  as 
obtained  by  various  observers  within  the  past  two  years  by  the  use 
of  different  methods,  makes  further  experimental  work  necessary. 
On  account  of  the  more  satisfactory  theoretical  basis  of  the  Stefan- 
Boltzmann  law,  which  gives  temperatures  on  the  thermodynamic 
scale,  it  is  planned  to  attack  the  problem  from  this  standpoint. 

Washington,  March  4,  1907. 


